CHAPTER 2: STREAM CORRIDOR PROCESSES, CHARACTERISTICS, AND FUNCTIONS

Stream Corridor
Processes,
Characteristics,
and Functions

2.A  Hydrologic and Hydraulic Processes
2.B  Geomorphic Processes

2.C  Physical and Chemical Characteristics
2.D Biological Community Characteristics
2.E  Functions and Dynamic Equilibrium

Chapter 1 provided an overview of stream Figure 2.1: A stream corridor in motion.

; H Processes, characteristics, and functions shape stream
corridors and the many perspectives from corridors and make them look the way they do.

which they should be viewed in terms of
scale, equilibrium, and space. Each of these
views can be seen as a “snapshot” of different
aspects of a stream corridor.

Chapter 2 presents the stream corridor in
motion, providing a basic understanding of the
different processes that make the stream
corridor look and function the way it does.
While Chapter 1 presented still images, this
chapter provides “film footage” to describe the
processes, characteristics, and functions of
stream corridors through time.

Section 2.A: Hydrologic and Hydraulic
Processes

Understanding how water flows into and
through stream corridors is critical to restora-
tions. How fast, how much, how deep, how
often, and when water flows are important
basic questions that must be answered to
make appropriate decisions about stream
corridor restoration.

Section 2.B: Geomorphic Processes

This section combines basic hydrologic pro-
cesses with physical or geomorphic functions
and characteristics. Water flows through
streams but is affected by the kinds of soils
and alluvial features within the channel, in the
floodplain, and in the uplands. The amount
and kind of sediments carried by a stream
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largely determines its equilibrium
characteristics, including size,
shape, and profile. Successful
stream corridor restoration,
whether active (requiring direct
changes) or passive (management
and removal of disturbance fac-
tors), depends on an understand-
ing of how water and sediment are
related to channel form and func-
tion and on what processes are
involved with channel evolution.

Section 2.C: Physical and
Chemical Characteristics

The quality of water in the stream
corridor is normally a primary
objective of restoration, either to
improve it to a desired condition, or
to sustain it. Restoration should
consider the physical and chemical
characteristics that may not be
readily apparent but that are none-
theless critical to the functions and
processes of stream corridors.
Changes in soil or water chemistry
to achieve restoration goals usu-
ally involve managing or altering
elements in the landscape or
corridor.

Section 2.D: Biological Commu-
nity Characteristics

The fish, wildlife, plants, and hu-
mans that use, live in, or just visit
the stream corridor are key ele-
ments to consider in restoration.
Typical goals are to restore, create,
enhance or protect habitat to
benefit life. It is important to under-
stand how water flows, how sedi-
ment is transported, and how
geomorphic features and pro-
cesses evolve; however, a prereq-
uisite to successful restoration is
an understanding of the living parts
of the system and how the physical
and chemical processes affect the
Stream corridor.

Section 2.E: Functions and
Dynamic Equilibrium

The six major functions of stream
corridors are: habitat, conduit,
barrier, filter, source, and sink. The
integrity of a stream corridor eco-
system depends on how well these
functions operate. This section
discusses these functions and how
they relate to dynamic equilibrium.
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CHAPTER 2: STREAM CORRIDOR PROCESSES, CHARACTERISTICS, AND FUNCTIONS

2.A Hydrologic and Hydraulic Processes

The hydrologic cycle describes the  Precipitation returns water to the Figure 2.2: The

. \ hydrologic cycle.
continuum of the transfer of water  earth’s surface. Although most hydro- 11 transfer of water

from precipitation to surface water andogic processes are described in termgom precipitation to
ground water, to storage and runoff, of rainfall events (or storm events),
and to the eventual return to the

atmosphere by transpiration and

evaporationigure 2.2.

surface water and ground
. . water, to storage and
snowmelt is also an important source

. . runoff, and eventually
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The type of precipitation that will Hydrologic and Hydraulic
occur is generally a factor of humidity processes Across the

and air temperature. Topographic Stream Corridor
relief and geographic location relative

to large water bodies also affect the Key points in the hydrologic cycle
frequency and type of precipitation. Serve as organizational headings in
Rainstorms occur more frequently ~ this subsection:

along coastal and low-latitude areas * Interception, transpiration, and

with moderate temperatures and low evapotranspiration.
relief. Snowfalls occur more fre- « Infiltration, soil moisture, and
quently at high elevations and in mid- ground water.
latitude areas with colder seasonal
*  Runoff.
temperatures.
PreC|p|tat|0n can dO one Of thl’ee |ntercepti0n, Transpiration, and

things once it reaches the earth. It carEvapotranspiration

return to the atmosphere, move into ;e than two-thirds of the precipita-

_the soil, or run off the earth’s surface i, falling over the United States

into a stream, lake, wetland, or other evaporates to the atmosphere rather

water body. All three pathways play & an peing discharged as streamflow to

role in determining how water moves yhe gceans. This “short-circuiting” of

into, across, and down the stream  hq hydrologic cycle occurs because of

corridor. the two processes, interception and

This section is divided into two sub- transpiration.

sections. The first subsection focuses

on hydrologic and hydraulic processesterception

in the lateral dimension, namely, the A portion of precipitation never

movement of water from the land intoygaches the ground because it is

the channel. The second subsection jntercepted by vegetation and other

concentrates on water as it moves I natyral and constructed surfaces. The

the longitudinal dimension, specifi- - amount of water intercepted in this

cally as streamflow in the channel.  manner is determined by the amount
of interception storage available on the
above ground surfaces.
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In vegetated areas, storage is a func- Table 2.1: Percentage of precipitation intercepted for various

tion of plant type and the form and
density of leaves, branches, and stems
(Table 2.1). Factors that affect storage
in forested areas include:

* Leaf shape. Conifer needles
hold water more efficiently
than leaves. On leaf surfaces
droplets run together and roll
off. Needles, however, keep
droplets separated.

e Leaf texture. Rough leaves
store more water than smooth
leaves.

» Time of year. Leafless periods
provide less interception
potential in the canopy than
growing periods; however,
more storage sites are created
by leaf litter during this time.

* \Vertical and horizontal density.
The more layers of vegetation
that precipitation must pen-
etrate, the less likely it is to
reach the soil.

* Age of the plant community.
Some vegetative stands be-
come more dense with age;
others become less dense.

The intensity, duration, and frequency
of precipitation also affect levels of
interception.

Figure 2.3shows some of the path-
ways rainfall can take in a forest.
Rainfall at the beginning of a storm
initially fills interception storage sites

in the canopy. As the storm continues,
water held in these storage sites is
displaced. The displaced water drops
to the next lower layer of branches and
limbs and fills storage sites there. This
process is repeated until displaced
water reaches the lowest layer, the leaf
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vegetation types.
Source: Dunne and Leopold 1978.

Vegetative Type % Precipitation Intercepted

Forests
Deciduous 13
Coniferous 28
Crops
Alfalfa 36
Corn 16
Oats 7
Grasses 10-20

Figure 2.3: Typical
pathways for forest
rainfall.

A portion of precipitation
never reaches the ground
because it is intercepted
by vegetation and other
surfaces.
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litter. At this point, water displaced off Transpiration from vegetation and
the leaf litter either infiltrates the soil evaporation from interception sites
or moves downslope as surface runofand open water surfaces, such as

Antecedent conditions, such as mois-Ponds and lakes, are not the only

storms, affect the ability to intercept SPhere. Soil moisture also is subject to
and store additional water. Evapora- €vaporation. Evaporation of soll

tion will eventually remove water moisture is, however, a much slower
residing in interception sites. How fasProcess due to capillary and osmotic
this process occurs depends on cli- forces that keep the moisture in the

matic conditions that affect the evapoSOil and the fact that vapor must
ration rate. diffuse upward through soil pores to

L L . reach surface air at a lower vapor
Interception is usually insignificant in
pressure.

areas with little or no vegetation. Bare
soil or rock has some small imperme_Because it is virtually impossible to
able depressions that function as separate water loss due to transpiration
interception storage sites, but typicallyfom water loss due to evaporation, the
most of the precipitation either infil- WO processes are commonly com-
trates the soil or moves downslope asPined and labeledvapotranspiration
surface runoff. In areas of frozen soil, Evapotranspiration can dominate the
interception storage sites are typicallywater balance and can control soil

filled with frozen water. Consequently,moisture content, ground water re-
additional rainfall is rapidly trans- charge, and streamflow.

formed into surface runoff. The following concepts are important

Interception can be significant in largeVhen describing evapotranspiration:
urban areas. Although urban drainage « If soil moisture conditions are

systems are designed to quickly move limiting, the actual rate of

storm water off impervious surfaces, evapotranspiration is below its

the urban landscape is rich with potential rate.

storage sites. These include flat roof- . \when vegetation loses water to

tops, parking lots, potholes, cracks, the atmosphere at a rate unlim-

and other rough surfaces that can ited by the supply of water

intercept and hold water for eventual replenishing the roots, its

evaporation. actual rate of evapotranspira-
tion is equal to its potential rate

Transpiration and Evapotranspiration of evapotranspiration.

Transpirationis the diffusion of water the amount of precipitation in a

vapor from plant leaves to the atmo- e qion drives both processes, however.
sphere. pr_lllke mtercepted_vv_ate_r, Soil types and rooting characteristics
which originates from precipitation, 550 play important roles in determin-
transpired water originates from watering the actual rate of evapotranspira-
taken in by roots. tion.
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Evaporation

Water is subject to evaporation whenever it is exposed to the atmosphere. Basically this process involves:
e The change of state of water from liquid to vapor
e The net transfer of this vapor to the atmosphere

The process begins when some molecules in the liquid state attain sufficient kinetic energy (primarily from
solar energy) to overcome the forces of surface tension and move into the atmosphere. This movement
creates a vapor pressure in the atmosphere.

The net rate of movement is proportional to the difference in vapor pressure between the water surface and
the atmosphere above that surface. Once the pressure is equalized, no more evaporation can occur until
new air, capable of holding more water vapor, displaces the old saturated air. Evaporation rates therefore
vary according to latitude, season, time of day, cloudiness, and wind energy. Mean annual lake evaporation
in the United States, for example, varies from 20 inches in Maine and Washington to about 86 inches in the
desert Southwest (Figure 2.4).

Figure 2.4: Mean annual lake evaporation
for the period 1946-1955.

(From Dunne and Leopold (1978) modified from
Kohler et al. (1959).)

I <20 inches
B 20-30 inches
B 30-40 inches
B 40-50 inches
I 50-60 inches
60-70 inches
70-80 inches
>80 inches
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Figure 2.5: Soil profile.

Water is drawn into the
pores in soil by gravity

and capillary action.

Infiltration, Soil Moisture, and
Ground Water

Precipitation that is not intercepted or
flows as surface runoff moves into the
soil. Once there, it can be stored in the
upper layer or move downward
through the soil profile until it reaches
an area completely saturated by water
called thephreatic zone

Infiltration

Close examination of the soil surface
reveals millions of particles of sand,
silt, and clay separated by channels of
different sizesKigure 2.5). These
macropores include cracks, “pipes”
left by decayed roots and wormholes,
and pore spaces between lumps and
particles of soill.

Water is drawn into the pores by
gravity and capillary action. Gravity is
the dominant force for water moving
into the largest openings, such as
worm or root holes. Capillary action is
the dominant force for water moving
into soils with very fine pores.

The size and density of these pore
openings determine the water’s rate of
entry into the soilPorosityis the term
used to describe the percentage of the
total soil volume taken up by spaces
between soil particles. When all those
spaces are filled with water, the solil is
said to be saturated.

Soil characteristics such as texture and
tilth (looseness) are key factors in
determining porosity. Coarse-textured,
sandy soils and soils with loose aggre-
gates held together by organic matter
or small amounts of clay have large
pores and, thus, high porosity. Soils
that are tightly packed or clayey have
low porosity.
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() (b) Figure 2.6: Infiltration
and runoff.
rainfall rainfall
.75 inches/hr 1.5 inches/hr Surface runoff occurs

when rainfall intensity
exceeds infiltration
capacity.

infiltration infiltration
.75 inches/hr 1 inch/hr
A. Infiltration Rate = B. Runoff Rate =
rainfall rate, which is less than rainfall rate minus
infiltration capacity infiltration capacity

Infiltration is the term used to describgrotect the surface soil pore spaces
the movement of water into soil poresfrom being plugged by fine soil par-
Theinfiltration rate is the amount of ticles created by raindrop splash. They
water that soaks into soil over a givenalso provide habitat for worms and
length of time. The maximum rate thabther burrowing organisms and pro-
water infiltrates a soil is known as thevide organic matter that helps bind
soil’'sinfiltration capacity fine soil particles together. Both of

If rainfall intensity is less than infiltra- theSe processes increase porosity and
tion capacity, water infiltrates the soil the infiltration rate.

at a rate equal to the rate of rainfall. IfThe rate of infiltration is not constant
the rainfall rate exceeds the infiltratiorthroughout the duration of a storm.
capacity, the excess water eitheris  The rate is usually high at the begin-
detained in small depressions on the ning of a storm but declines rapidly as
soil surface or travels downslope as gravity-fed storage capacity is filled. A
surface runoffigure 2.6). slower, but stabilized, rate of infiltra-

The following factors are important in tion is reached typically 1 or 2 hours

determining a soil's infiltration rate: Nt a storm. Several factors are
. Ease of entry through the soil involved in this stabilization process,

including the following:

surface. nd breaki '
e Storage capacity within the Raindrops breaking up son
Soil aggregates and producing finer
I material, which then blocks
e Transmission rate through the pore openings on the surface
soil. and reduces the ease of entry.
Areas with natural vegetative cover « Water filling fine pore spaces

infiltration rates. These features
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Figure 2.7: Water-
holding properties of
various soils
Water-holding properties
vary by texture. For a fine
sandy loam the
approximate difference
between porosity, 0.45,
and field capacity, 0.20, is
0.25, meaning that the
unfilled pore space is
0.25 times the soil
volume. The difference
between field capacity
and wilting point is a
measure of unfilled pore
space.

Source: Dunne and

Leopold 1978.
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amount of water remains tightly held
in fine pores and around particles by
surface tension. This condition, called
field capacity varies with soil texture.
Like porosity, it is expressed as a
proportion by volume.

« Wetted clay particles swelling
and effectively reducing the
diameter of pore spaces,
which, in turn, reduces trans-
mission rates.

Soils gradually drain or dry following
a storm. However, if another storm  The difference between porosity and
occurs before the drying process is field capacity is a measure of unfilled
completed, there is less storage spaceore spaceHigure 2.7). Field capacity
for new water. Therefore, antecedent is an approximate number, however,
moisture conditions are important because gravitation drainage continues
when analyzing available storage.  in moist soil at a slow rate.

Soil moisture is most important in the
context of evapotranspiration. Terres-
After a storm passes, water drains outrial plants depend on water stored in
of upper soils due to gravity. The soil soil. As their roots extract water from
remains moist, however, because sonpeogressively finer pores, the moisture

Soil Moisture
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content in the soil may fall below the causes water to move vertically down-
field capacity. If soil moisture is not ward. This movement occurs easily
replenished, the roots eventually reacthrough larger pores. As pores reduce
a point where they cannot create in size due to swelling of clay particles
enough suction to extract the tightly or filling of pores, there is a greater
held interstitial pore water. The mois- resistance to flow. Capillary forces
ture content of the soil at this point, eventually take over and cause water
which varies depending on soil char- to move in any direction.
acteristics, is called thmermanent Water will continue to move down-
wilting pointbecause plants can no  ward until it reaches an area com-
longer withdraw water from the soil atpletely saturated with water, the
a rate high enough to keep up with th@hreatic zoner zone of saturation
demands of transpiration, causing the(Figure 2.8). The top of the phreatic
plants to wilt. zone defines thground water tabler
Deep percolations the amount of phreatic surface. Just above the ground
water that passes below the root zonevater table is an area called tagpil-
of crops, less any upward movement lary fringe, so named because the
of water from below the root zone pores in this area are filled with water
(Jensen et al. 1990). held by capillary forces.

In soils with tiny pores, such as clay or
Ground Water silt, the capillary forces are strong.
The size and quantity of pore opening§onsequently, the capillary fringe can
also determines the movement of extend a large distance upward from
water within the soil profile. Gravity the water table. In sandstone or soils

potentimetric flowing

perched water

Figure 2.8: Ground
water related features

water table land c
and terminology.
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with large pores, the capillary forces water during the dry season. Perched
are weak and the fringe narrow. aquifers can, however, be important

Between the capillary fringe and the local sources of ground water.

soil surface is theadose zoneor the  Artesian wells are developed in con-
zone of aeration. It contains air and fined aquifers. Because the hydrostatic
microbial respiratory gases, capillary pressure in confined aquifers is greater
water, and water moving downward byhan atmospheric pressure, water
gravity to the phreatic zonBellicular levels in artesian wells rise to a level
wateris the film of ground water that where atmospheric pressure equals
adheres to individual particles above hydrostatic pressure. If this elevation
the ground water table. This water is is above the ground surface, water can
held above the capillary fringe by flow freely out of the well.

molecular attraction. Water also will flow freely where the
If the phreatic zone provides a consisground surface intersects a confined
tent supply of water to wells, it is aquifer. Thepiezometric surfaces the

known as araquifer. Good aquifers  level to which water would rise in
usually have a large lateral and verticatells tapped into confined aquifers if
extent relative to the amount of water the wells extended indefinitely above
withdrawn from wells and high poros-the ground surface. Phreatic wells
ity, which allows water to drain easily. draw water from below the phreatic

The opposite of an aquifer is an zone in unconfined aquifers. The water
confining bedsire relatively thin the ground water table.

sediment or rock layers that have lowPractitioners of stream corridor resto-
permeability. Vertical water movementration should be concerned with
through an aquitard is severely re-  locations where ground water and
stricted. If an aquifer has no confiningsurface water are exchanged. Areas
layer overlying it, it is known as an  that freely allow movement of water to
unconfined aquiferA confined aquifer the phreatic zone are callegtharge

is one confined by an aquitard. areas Areas where the water table

The complexity and diversity of meets the soil surface or where stream
aquifers and aquitards result in a ano_l ground water emerge are called
multitude of underground scenarios. SPrNYgsorseeps

For exampleperched ground water  The volume of ground water and the
occurs when a shallow aquitard of  elevation of the water table fluctuate
limited size prevents water from according to ground water recharge
moving down to the phreatic zone. and discharge. Because of the fluctua-
Water collects above the aquitard andtion of water table elevation, a stream
forms a “mini-phreatic zone.” In manychannel can function either as a re-
cases, perched ground water appearscharge area (influent or “losing”

only during a storm or during the wet stream) or a discharge area (effluent or
season. Wells tapping perched groundgaining” stream).

water may experience a shortage of
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Runoff Three basic types of runoff are intro-

When the rate of rainfall or snowmelt duced in this subsectiofigure 2.10:
exceeds infiltration capacity, excess e Overland flow

water collects on the soil surface and  , g psurface flow

travels downslope as runoff. Factors
that affect runoff processes include Saturated overland flow
climate, geology, topography, soil Each of these runoff types can occur
characteristics, and vegetation. Aver- individually or in some combination in
age annual runoff in the contiguous the same locale.

United States ranges from less than 1

inch to more than 20 incheBigure

2.9).
Figure 2.9: Average
annual runoff in the
contiguous United
States.

Average annual runoff
varies with regions.
Source: USGS 1986.

<1l inch
M 1-10 inches
I 10-20 inches
I >20 inches
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Figure 2.10: Flow paths
of water over a surface.
The portion of
precipitation that runs off
or infiltrates to the ground
water table depends on
the soil's permeability
rate, surface roughness,
and the amount, duration,
and intensity of
precipitation.

Figure 2.11: Overland
flow and depression
storage.

Overland moves
downslope as an
irregular sheet.

Source: Dunne and
Leopold 1978.

surface
detention

depression storage
(depth of depresssions
greatly exaggerated)

uonendoaid

uoneudioaid

saturated

Overland Flow process in the literature. The term

When the rate of precipitation exceedélorton overland flowor Hortonian
the rate of infiltration, water collects flow is commonly used.

on the soil surface in small depres- The sheet of water increases in depth
sions Figure 2.11). The water stored and velocity as it moves downhill. As
in these spaces is callddpression it travels, some of the overland flow is
storage It eventually is returned to thetrapped on the hillside and is called
atmosphere through evaporation or  surface detentiariunlike depression
infiltrates the soil surface. storage, which evaporates to the
After depression storage spaces are atmosphere or enters the soil, surface
filled, excess water begins to move detention is only temporarily detained
downslope as overland flow, either asfrom its journey downslope. It eventu-
a shallow sheet of water or as a serie@lly runs off into the stream and is still
of small rivulets or rills. Horton considered part of the total volume of
(1933) was the first to describe this overland flow.

Overland flow typically occurs in
urban and suburban settings with
paved and impermeable surfaces.
Paved areas and soils that have been
exposed and compacted by heavy
equipment or vehicles are also prime
settings for overland flow. It is also
common in areas of thin soils with
sparse vegetative cover such as in
mountainous terrain of arid or semi-
arid regions.

depth and
velocity of
overland flow
increase
downslope

o/

stream
channel

FINAL MANUSCRIPT — 4/29/98



CHAPTER 2: STREAM CORRIDOR PROCESSES, CHARACTERISTICS, AND FUNCTIONS

Subsurface Flow stream. Eventually, it can steepen to
Once in the SO“, water moves in the pOint that the water table rises
response to differences in hydrau"c above the channel elevation. Addition-

head (the potential for flow due to the ally, ground water can break out of the
gradient of hydrostatic pressure at ~ Soil and travel to the stream as over-
different elevations). Given a simpli- land flow. This type of runoff is

fied situation, the water table before atermedquick return flow

rainstorm has a parabolic surface thatThe soil below the ground water
slopes toward a stream. Water movesbreakout is, of course, saturated.
downward and along this slope and Consequently, the maximum infiltra-
into the stream channel. This portion tion rate is reached, and all of the rain
of the flow is the baseflow. The soil  falling on it flows downslope as

below the water table is, of course, overland runoff. The combination of
saturated. Assuming the hill slope hasthis direct precipitation and quick
uniform soil characteristics, the mois- return flow is calledsaturated over-
ture content of surface soils diminishegnd flow As the storm progresses, the
with distance from the stream. saturated area expands further up the
During a storm, the soil nearest the hillside. Because quick return flow and

stream has two important attributes agubsurface flow are so closely linked
compared to soil upslope—a higher to overland flow, they are normally
moisture content and a shorter distané@nsidered part of the overall runoff of
to the water table. These attributes ~ surface water.

cause the water table to rise more

rapidly in response to rainwater Hydrologic and Hydraulic
infiltration and causes the water table Processes Along the

to steepen. Thus a new, storm-gener- Stream Corridor

ated ground water component is adde\(/jv ter flowing in st is th I
to baseflow. This new component, ater riowing in streams 15 the coflec-

calledsubsurface flowmixes with tion of direct precipitation and water

baseflow and increases ground water_that has moved laterally from the land

discharge to the channel into the channel. The amount and

o o timing of this lateral movement di-
In some situations, infiltrated storm rectly influences the amount and

water does not reach the phreatic ZONGming of streamflow, which in turn
because of the presence of an aquitarl ences ecological functions in the
In this case, subsurface flow does notgiraam corridor.

mix with baseflow, but also discharges
water into the channel. The net result,rjo Analysis
whether mixed or not, is increased

Flows range from no flow to flood
channel flow.

flows in a variety of time scales. On a
r le, historical climate records

Saturated Overland Flow broad scae,_ storica C ate e_co d
reveal occasional persistent periods of

If the storm described above contin- | ot and dry years. Many rivers in the
ues, the slopg of the water table sur- ,ited States, for example, experi-
face can continue to steepen near theenced a decline in flows during the
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“dust bow!” decade in the 1930s. Figure 2.12presents an example of a
Another similar decline in flows flow frequency expressed as a series of
FAST FORWARD nationwide occurred in the 1950s.  probability curves. The graph displays
Unfortunately, the length of record  months on the x-axis and a range of
More detailed informa- | regarding wet and dry years is short mean monthly discharges on the y-

tion about flow duration | (in geologic time), making it is diffi-  axis. The curves indicate the probabil-
and frequency s pre- | 1t 1o predict broad-scale persistencety that the mean monthly discharge

sented in Chapter 7, 4 o
Section A . of wet or dry years. will be less than the value indicated by

Seasonal variations of streamflow arethe curve. For example, on about

more predictable, though somewhat January 1, there is a 90 percent chance
complicated by persistence factors. that the discharge will be less than
Because design work requires using 9:000 cfs and a 50 percent chance it
historical information (period of will be less than 2,000 cfs.

record) as a basis for designing for the _

future, flow information is usually Ecological Impacts of Flow

presented in a probability format. TwoThe variability of streamflow is a

formats are especially useful for primary influence on the biotic and
planning and designing stream corri- abiotic processes that determine the
dor restoration: structure and dynamics of stream

«  Flow duration the probability ecosystems (Covich 1993). High flows
a given streamflow was are important not only in terms of
sediment transport, but also in terms of

Figure 2.12: An example
of monthly probability

curves equaled or exceeded over a : -

Monthly probability that period of time. reconnecting floodplain wetlands to
Z}gﬂ;ﬁg%{'gg{ws » Flow frequencythe probability the_ chanr-lel. S

than the values indicated. a given streamflow will e 11is relationship is important because
Yakima River near exceeded (or not exceeded) in floodplain wetlar!ds prov_lde spawning
;grrrlﬁs%f:;ngzorgsﬂg?ta a year. (Sometimes this con- gnd nursery habl_tat for fl_sh and, later
Engineers) cept is modified and expressed” the year, foraging habitat for water-

Source: Dunne and as the average number of yearEPWL Low flows, especially in large
Leopold 1978. between exceeding [or not rivers, create conditions that allow
exceeding] a given flow.) trl_bL_Jtary fauna_to dlspersg, thus main-
15000 — taining populations of a single species

L in several locations.

In general, completion of the life cycle
of many riverine species requires an
array of different habitat types whose
temporal availability is determined by
the flow regime. Adaptation to this
environmental dynamism allows
riverine species to persist during
periods of droughts and floods that
destroy and recreate habitat elements
i (Poff et al. 1997).

10000

5000

Mean Monthly Discharge (cfs)

Oct. Nov. Dec. Jan. Feb. Mar. Aprii May June July Aug. Sept.
Month
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2.B Geomorphic Processes

Geomorphologys the study of surface Geomorphic Processes

forms of the earth and the processes Across the Stream Corridor
that developed those forms. The Th itud q
hydrologic processes discussed in the', ¢ 0cCUITeNce, magnitude, an

previous section drive the geomorphicOIIStrIbUtlon of erosion processes in

processes described in this section. Iﬁ/vatersheds affect the yield of sediment

turn, the geomorphic processes are tk?end associated water quality contami-

primary mechanisms for forming the narlts to Fhe stream corridor.
drainage patterns, channel, floodplain$oil erosion can occur gradually over
terraces, and other watershed and @ long period, or it can be cyclic or

stream corridor features discussed in episodic, accelerating during certain
Chapter 1. seasons or during certain rainstorm

events Figure 2.13. Soil erosion can

be caused by human actions or by

natural processes. Erosion is not a

. _simple process because soil conditions

* Erosion the detachment of soil 5.6 continually changing with tem-
particles. perature, moisture content, growth

« Sediment transparthe move- stage and amount of vegetation, and
ment of eroded soil particles inthe human manipulation of the soil for

Three primary geomorphic processes
are involved with flowing water, as
follows:

flowing water. development or crop production.
* Sediment depositigsettling of
eroded soil particles to the Figure 2.13: Raindrop
bottom of a water body or left impact.
behind as water leaves. Sedi- One of many types of

erosion.

ment deposition can be transi-
tory, as in a stream channel
from one storm to another, or
more or less permanent, as in
larger reservoir.

Since geomorphic processes are so
closely related to the movement of
water, this section is organized into
subsections that mirror the hydrologic
processes of surface storm water
runoff and streamflow:

* Geomorphic Processes Across
the Stream Corridor

» Geomorphic Processes Along
the Stream Corridor
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Table 2.2: Erosion
processes.

Raindrop impact

Surface water runoff

Channelized flow
Gravity

Wind

Ice

Chemical reactions

Sheet, interill

Sheet, interill, rill, ephemeral gully, classic gully
Rill, ephemeral gully, classic gully, wind, streambank

Classic gully, streambank, landslide, mass wasting

Wind

Streambank, lake shore

Solution, dispersion

Table 2.3: Erosion types
vs. physical processes.

Sheet and rill
Interill

Rill

Wind

Ephemeral gully
Classic gully
Floodplain scour
Roadside
Streambank
Streambed
Landslide
Wave/shoreline
Urban, construction
Surface mine

Ice gouging

Erosion/Physical Process

Erosion Type Sheet | Concentrated | Mass Combination
Flow Wasting
X X

X

X X

X X

Tables 2.2 and 2.3how the basic
processes that influence soil erosion
and the different types of erosion
found within the watershed.

Geomorphic Processes
Along the Stream Corridor

The channel, floodplain, terraces, and
other features in the stream corridor
are formed primarily through the
erosion, transport, and deposition of
sediment by streamflow. This subsec-
tion describes the processes involved
with transporting sediment loads
downstream and how the channel and
floodplain adjust and evolve through
time.

Sediment Transport

Sediment particles found in the stream
channel and floodplain can be catego-
rized according to size. A boulder is
the largest particle and clay is the
smallest particle. Particle density
depends on the size and composition
of the particle (i.e., the specific gravity
of the mineral content of the particle).

No matter the size, all particles in the
channel are subject to being trans-
ported downslope or downstream. The
size of the largest particle a stream can
move under a given set of hydraulic
conditions is referred to atream
competenceOften, only very high

flows are competent to move the
largest particles.

Closely related to stream competence
is the concept afactive stresswhich
creates lift and drag forces at the
stream boundaries along the bed and
banks. Tractive stress, also known as
shear stressvaries as a function of
flow depth and slope. Assuming
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constant density, shape, and surface by saltation a skipping motion that
roughness, the larger the particle, theoccurs when one particle collides with
greater the amount of tractive stress another particle, causing it to bounce
needed to dislodge it and move it upward and then fall back toward the
downstream. bed.

The energy that sets sediment particléghese rolling, sliding, and skipping

into motion is derived from the effect motions result in frequent contact of

of faster water flowing past slower  the moving particles with the stre-
water. This velocity gradient happens ambed and characterize the set of
because the water in the main body omoving particles known dsed load

flow moves faster than water flowing The weight of these patrticles relative

at the boundaries. This is because to flow velocity causes them essen-
boundaries are rough and create tially to remain in contact with, and to
friction as flow moves over them be supported by, the streambed as they
which, in turn, slows flow. move downstream.

The momentum of the faster water is Finer-grained particles are more easily

transmitted to the slower boundary carried into suspension by turbulent

water. In doing so, the faster water eddies. These particles are transported

tends to roll up the slower water in a within the water column and are

spiral motion. It is this shearing therefore called theuspended load

motion, or shear stress, that also Although there may be continuous

moves bed particles in a rolling mo- exchange of sediment between the begre 2.14: Action of
tion downstream. load and suspended load of the river, water on particles near

: as long as sufficient turbulence is ~ the streambed.
Particle movement on the channel g Processes that transport

bottom begins as a sliding or rolling Present. bed load sediments are a

motion, which transports particles  Part of the suspended load may be  function of flow velocities,
. . . . . A particle size, and

along the streambed in the direction ofolloidal clays, which can remainin 5 50 d of

flow (Figure 2.14). Some particles suspension for very long time periods hydrodynamics.

also may move above the bed surfacalepending on the type of clay and  From: Waterin

. Environmental Planning by
water ChemlStry- Dunne and Leopold © 1978

by W.H. Freeman and
Company. Used with
permission.

Direction of

shear due to Tendency of Suggested motion of a
increase of velocity to roll grain thrown up into
velocity an exposed Diagram of turbulant eddies in the
toward bed. grain. saltating grains. flow.
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Sediment Transport Terminology

Sediment transport terminology can
sometimes be confusing. Because of

this confusion, it is important to define
some of the more frequently used

terms. .

* Sediment loadthe quantity of
sediment that is carried past
any cross section of a stream in
a specified period of time,
usually a day or a yed®edi-
ment dischargethe mass or .
volume of sediment passing a
stream cross section in a unit
of time. Typical units for
sediment load are tons, while
sediment discharge units

* Bed-material loadpart of the
total sediment discharge that is
composed of sediment particles
that are the same size as stre-
ambed sediment.

« Wash loadpart of the total

that is transported in suspen-
sion in the water column. The
suspended bed material load
and the bed load comprise the
total bed material load.

Suspended sediment discharge
(or suspended logdportion of
the total sediment load that is
transported in suspension by
turbulent fluctuations within

the body of flowing water.

Measured loadportion of the
total sediment load that is
obtained by the sampler in the
sampling zone.

Unmeasured loadoortion of
the total sediment load that
passes beneath the sampler,
both in suspension and on the
bed. With typical suspended
sediment samplers this is the
lower 0.3 to 0.4 feet of the
vertical.

sediment load that is com- The above terms can be combined in a
prised of particle sizes finer  number of ways to give the total
than those found in the stre-  sediment load in a streaffable 2.4)
ambed. However, it is important not to com-

« Bed load portion of the total ~ bine terms that are not compatible. For

sediment load that moves on oexample, the suspended load and the
near the streambed by salta- bed material load are not complimen-

tion, rolling, or sliding in the ~ tary terms because the suspended load
bed layer. may include a portion of the bed

. Suspended bed material lgad material load, depending on the energy

portion of the bed material IoaOl.available for transport. The total
sediment load is correctly defined by

Table 2.4: Sediment

oad torms the combination of the following
' Based on terms:
Mechanism Particle Size
fTi t .
Sl Total Sediment Load =
Wash load Suspended Wash load
3 toad Bed Material Load + Wash Load
ke]
‘GE; Suspended Bed-material or
E|| pecimaterial foad Bed Load + Suspended Load
[
: or
2 Measured Load + Unmeasured Load
Bed load Bed load
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Sediment transport rates can be com-Figure 2.15: Particle transport.
puted using various equations or A st(eam’s tot'al sediment Iqad in the total qfall sediment 3

. . particles moving past a defined cross section over a specified
models. These are discussed in the time period. Transport rates vary according to the mechanism
Stream Channel Restoraticection of

of transport.
Chapter 8.

Stream Power

One of the principal geomorphic task
of a stream is to transport particles o
of the watershedgure 2.15. In this
manner, the stream functions as a
transporting “machine;” and, as a
machine, its rate of doing work can b
calculated as the product of available
power multiplied by efficiency.

Stream powecan be calculated as:
¢=yQS
Where:

Fifth to Tenth Order Stream

A
}

Second to Fourth Order Stream

First Order Stream

typical
flow rate

average
particle size
on stream
bottom

o

¢ = Stream power (foot-lbs/second-
foot)

y = Specific weight of water (Ibsfj
Q = Discharge (ffsecond)
S = Slope (feet/feet)

Sediment transport rates are directly
related to stream power; i.e., slope an
discharge. Baseflow that follows the
highly sinuous thalweg (the line that
marks the deepest points along the
stream channel) in a meandering
stream generates little stream power;
therefore, the stream’s ability to move
sedimentsediment-transport capacity
is limited. At higher depths, the flow
follows a straighter course, which
increases slope, causing increased
sediment transport rates. The stream
builds its cross section to obtain
depths of flow and channel slopes thg
generate the sediment-transport cap3g
ity needed to maintain the stream
channel.

Wash Load and Bed-Material Load

One way to differentiate the sediment load of a stream is to
characterize it based on the immediate source of the
sediment in transport. The total sediment load in a stream, at
any given time and location, is divided into two parts - wash
load and bed-material load. The primary source of wash load
is the watershed, including sheet and rill erosion, gully
erosion, and upstream streambank erosion. The source of
bed material load is primarily the streambed itself, but
includes other sources in the watershed.

Wash load is composed of the finest sediment particles in
transport. Turbulence holds the wash load in suspension. The
concentration of wash load in suspension is essentially
independent of hydraulic conditions in the stream and
therefore cannot be calculated using measured or estimated
hydraulic parameters such as velocity or discharge. Wash
load concentration is normally a function of supply; i.e., the
stream can carry as much wash load as the watershed and
banks can deliver (for sediment concentrations below
approximately 3000 parts per million)

Bed-material load is composed of the sediment of size
classes found in the streambed. Bed-material load moves
along the streambed by rolling, sliding, or jumping, and may
be periodically entrained into the flow by turbulence, where it
becomes a portion of the suspended load. Bed-material load
is hydraulically controlled and can be computed using
sediment transport equations discussed in Chapter 8.
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Runoff can vary from a watershed, and pools, and river meandering. All
either due to natural causes or land uskese river characteristics and sedi-
practices. These variations may ment transport are closely related.
change the size distribution of sedi- Yang (1971) developed the theory of
ments delivered to the stream from thaverage stream fall and the theory of
watershed by preferentially moving least rate of energy expenditure, based
particular particle sizes into the on the entropy concept. These theories
stream. It is not uncommon to find a state that during the evolution toward
layer of sand on top of a cobble layer an equilibrium condition, a natural

This often happens when acceleratedstream chooses its course of flow in
erosion of sandy soils occurs in a such a manner that the rate of potential
watershed and the increased load of energy expenditure per unit mass of
sand exceeds the transport capacity dlow along its course is a minimum.

the stream during events that move the

sand into the channel. Corridor Adjustments
_ 3 Stream channels and their floodplains
Stream and Floodplain Stability are constantly adjusting to the water

A question that normally arises when and sediment supplied by the water-
considering any stream restoration shed. Successful restoration of de-
action is “Is it stable now and will it begraded streams requires an understand-
stable after changes are made?” The ing of watershed history, including
answer may be likened to asking an both natural events and land use
opinion on a movie based on only a practices, and the adjustment processes
few frames from the reel. Although weactive in channel evolution.

often view streams based on a limitedchannel response to changes in water
reference with respect to time, itis  5nd sediment yield may occur at
important that we consider the long-  gjffering times and locations, requiring
term changes and trends in channel yarious levels of energy expenditure.
cross section, longitudinal profile, andDa”y changes in streamflow and
planform morphology to characterize gediment load result in frequent adjust-
channel stability. ment of bedforms and roughness in
Achieving channel stability requires many streams with movable beds.
that the average tractive stress main- Streams also adjust periodically to
tains a stable streambed and extreme high- and low-flow events, as
streambanks. That is, the distribution floods not only remove vegetation but
of particle sizes in each section of thecreate and increase vegetative poten-
stream remains in equilibrium (i.e., tial along the stream corridor (e.g., low
new particles deposited are the sameflow periods allow vegetation incur-
size and shape as particles displacedsion into the channel).

by tractive stress). Similar levels of adjustment also may
Yang (1971) adapted the basic theoridse brought about by changes in land
described by Leopold to explain the use in the stream corridor and the
longitudinal profile of rivers, the upland watershed. Similarly, long-term
formation of stream networks, riffles, changes in runoff or sediment yield
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from natural causes, such as climate Schumm (1977) also suggested that

change, wildfire, etc., or human width (b), meander wavelength (L),

causes, such as cultivation, overgraz-and channel gradient (S) are directly
ing, or rural-to-urban conversions,  proportional, and that depth (d) and FAST FORWARD
may lead to long-term adjustments in sinuosity (P) are inversely propor-

See Section E for a

channel cross section and planform tional to sediment discharge JQn L T
that are frequently described as chan-alluvial streams: dynamic equilibrium.
nel evolution.
: b,L,S
Stream channel response to changes in Q. ~ ———
. S
flow and sediment load have been d,P

described qualitatively in a number of

studies (e.g., Lane 1955, Schumm  The above two equations may be
1977). As discussed in Chapter 1, ongewritten to predict direction of change
of the earliest relationships proposed in channel characteristics, given an
for explaining stream behavior was increase or decrease in streamflow or
suggested by Lane (1955), who relatesediment discharge:

mean annual streamflow (§and Q, ~ b d, LS

channel slope (S) to bed-material

sediment load (Qand median particle  Q,” ~ b, d, L §

size on the streambed (]

Q+Dy,, ~ QS
Lane’s relationship suggests that a Qe ~ byd, L, S, P

channel will be maintained in dynamic

equilibrium when changes in sedimenp_omb'n'ng _the four equations a_bove
load and bed-material size are bal- Yi€lds additional predictive relation-

anced by changes in streamflow or ships for cqncurrent increases or _
channel gradient. A change in one of decreases in streamflow and/or sedi-

Q. ~ by, d, LS, P

these variables causes changes in onfent discharge:

or more of the other variables such Q, Qs ~ b, d" LS P
that dynamic equilibrium is reestab- ) /
lished. QyQs ~ b- % L, ST P
Additional qualitative relationships Q, Qs ~ b’ o, L, S, P

have been proposed for interpreting
behavior of alluvial channels. Schumm Q, Q. ~ b", d,L*, S, P
(1977) suggested that width (b), depth

(d), and meander wavelength (L) are ~pannel Slope

directly proportional, and that channel
gradient (S) is inversely proportional
to streamflow (Q) in an alluvial

Channel slopga stream’s longitudinal
profile, is measured as the difference
in elevation between two points in the

channel: stream divided by the stream length
b, d, L between the two points. Slope is one
Q~ — of the most critical pieces of design
S information required when channel
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modifications are considered. Channetlecrease in order to minimize stream

slope directly impacts flow velocity,

power. The decrease in slope in a

stream competence, and stream powa&lownstream direction results in the

Since these attributes drive the geo-
morphic processes of erosion, sedi-

concave-up longitudinal profile.
Sinuosity is not a profile feature, but it

ment transport, and sediment deposi-qoes affect stream slope. Sinuosity is
tion, channel slope becomes a controkpe stream length between two points

ling factor in channel shape and
pattern.

Most longitudinal profiles of streams
are concave upward. As described
previously in the discussion of dy-

on a stream divided by the valley
length between the two points. For
example, if a stream is 2,200 feet long
from point A to point B, and if a valley
length distance between those two

namic equilibrium, streams adjust theipoints is 1,000 feet, that stream has a

profile and pattern to try to minimize

the time rate of expenditure of poten-

sinuosity of 2.2. A stream can increase
its length by increasing its sinuosity,

tial energy, or stream power, present iresulting in a decrease in slope. This

flowing water. The concave upward

impact of sinuosity on channel slope

shape of a stream’s profile appears tomust always be considered if channel
be due to adjustments a river makes toeconstruction is part of a proposed

help minimize stream power in a
downstream direction. Yang (1983)

restoration.

applied the theory of minimum streamPools and Riffles
power to explain why most longitudi- The longitudinal profile is seldom

nal streambed profiles are concave

constant, even over a short reach.

upward. In order to satisfy the theory pifferences in geology, vegetation
of minimum stream power, which is a patterns, or human disturbances can
special case of the general theory of result in flatter and steeper reaches

minimum energy dissipation rate
(Yang and Song 1979), the following
equation must be satisfied:

dP ds dQ

----- =Y Q-+ S =0

dx dx dx
Where:

P = QS = Stream power
x = Longitudinal distance
= Water discharge

n O

y = Specific weight of water

Water surface or energy slope

within an overall profile. Riffles occur
where the stream bottom is higher
relative to streambed elevation imme-
diately upstream or downstream.
These relatively deeper areas are
considered pools. At normal flow, flow
velocities decrease in pool areas,
allowing fine grained deposition to
occur, and increase atop riffles due to
the increased bed slope between the
riffle crest and the subsequent pool.

Longitudinal Profile Adjustments

Stream power has been defined as thé common example of profile adjust-
product of discharge and slope. Sincement occurs when a dam is con-
stream discharge typically increases igtructed on a stream. The typical

a downstream direction, slope must

response to dam construction is chan-
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nel degradation downstream and Channel Cross Sections

aggradation upstream. However, the Figure 2.16presents the type of
specific response is quite complex asinformation that should be recorded
can be illustrated by considering when collecting stream cross section
Lane’s relation. Dams typically reducedata. In stable alluvial streams, the

peak discharges and sediment supplyhigh points on each bank represent the
in the downstream reach. According t@op of the bankfull channel.

Lane’s relation, a decrease in dis-
charge (Q) should be offset by an
increase in slope, yet the decrease in
sediment load (Qs) should cause a
decrease in slope. This response cou
be further complicated if armoring
occurs (), which would also cause
an increase in slope. Impacts are not
limited to the main channel, but can
include aggradation or degradation o
tributaries as well. Aggrad_atlon _often clearly define its character in relation
occurs at the mouths of tributaries
. to the channel.

downstream of dams (and sometimes .

In meandering streams, the channel

in the entire channel) due to the i :
cross section should be measured in

reduction of peak flows on the main ; :
stem. Obviously, the ultimate respons8'€2S of riffles or crossovers. Ariffle

will be the result of the integration of O Crossover occurs between the
all these variables apexes of two sequential meanders.
The effects of differences in resistance;qe 2.16: channel

cross section.
Information to record
when collecting stream
Cross section data.

The importance of the bankfull chan-
nel has been established. Channel
cross sections need to include enough

oints to define the channel in relation
'?3 a portion of the floodplain on each
side. A suggested guide is to include at
least one stream width beyond the
highest point on each bank for smaller
stream corridors and at least enough of
The floodplain on larger streams to

topographic floodplain >

<«——— hydrologic floodplain —

| I -
4\ bankfull width f

<

I ™

W

v/ ~ 4

‘\ﬁi M\\\a _______________________ - m bankfull

elevation
bankfull depth

|
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to erosion of soil layers are prominentbedforms, also contribute to rough-
in the outside bends of meanders, andhess.

point bars on the insides of the mean-ggnd-bottom streams are good ex-
ders are constantly adjusting to the amples of how bedform roughness
water and sediment loads being mOVeéhanges with discharge. At very low

by the stream. The stream’s cross  gischarges, the bed of a sand stream
section changes much more rapidly may pe dominated by ripple bedforms.
and frequently in the meander bends. ps flow increases even more, sand
There is more variability in pool cross gynes may begin to appear on the bed.
sections than in riffle cross sections. gach of these bedforms increases the

The cross section in the crossover or roughness of the stream bottom, which
riffle area is more uniform . tends to slow velocity.

The depth of flow also increases due

) _ _to increasing roughness. If discharge
Channel slope is an important factor iRy ntinues to increase. a point is

deter_mir_ling streamflow velo_city. FIOW eached when the flow velocity mobi-
velocity is used to help predict what i a5 the sand on the streambed and the
discharge a cross section can conveYgntire bed converts again to a planar
As di_scharge increases, either flow ¢\ The depth of flow may actually
velocity, flow area, or both must decrease at this point due to the de-
Increase. creased roughness of the bed. If
Roughness plays an important role indischarge increases further still,
streams. It helps determine the depthantidunes may form. These bedforms
or stage of flow in a stream reach. As create enough friction to again cause
flow velocity slows in a stream reach the flow depth to increase. The depth
due to roughness, the depth of flow of flow for a given discharge in sand-
has to increase to maintain the volumged streams, therefore, depends on the
of flow that entered the upstream endbedforms present when that discharge
of the reach (a concept known as flowoccurs.

continuity). Typical roughness along \jegetation can also contribute to
the boundaries of the stream includes,, ghness. In streams with boundaries

Resistance to Flow and Velocity

the following: consisting of cohesive soils, vegetation
» Sediment particles of different is usually the principal component of
sizes. roughness. The type and distribution
« Bedforms. of vegetation in a stream corridor

depends on hydrologic and geomor-
phic processes, but by creating rough-
ness, vegetation can alter these pro-
cesses and cause changes in a stream’s

* Bank irregularities.

* The type, amount, and distribu
tion of living and dead vegeta-
tion. form and pattern.

*  Other obstructions. Meandering streams offer some
Roughness generally increases with resistance to flow relative to straight
increasing particle size. The shape anstreams. Straight and meandering
size of instream sediment deposits, orstreams also have different distribu-
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tions of flow velocity that are affected (B) Section 3). The differences in flow
by the alignment of the stream, as  velocity distribution in meandering
shown inFigure 2.17. In straight streams result in both erosion and
reaches of a stream, the fastest flow deposition at the meander bend.
occurs just below the surface near theErosion occurs at the outside of bends
center of the channel where flow (cutbanks) from high velocity flows,
resistance is lowest (see Figure 2.17 while the slower velocities at the

(A) Section G). In meanders, veloci- insides of bends cause deposition on
ties are highest at the outside edge duke point bar (which also has been

to angular momentum (see Figure 2.1@alled theslip-off slope

Figure 2.17: Velocity distribution in a (a) straight stream branch and a (b) steam meander.

Stream flow velocities are different through pools and riffles, in straight and curved reaches, across the stream at any point,
and at different depths. Velocity distribution also differs dramatically from baseflow conditions through bankfull flows, and flood
flows.

Source: Fluvial Processes and Geomorphology, 1964. Published by permission of Dover Publications.
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The angular momentum of flow scour holes or pools create very differ-
through a meander bend increases thent habitat than occurs in the deposi-
height orsuper elevatiomt the outside tional environment of the slip-off

of the bend and sets up a secondary slope.

current of flow down the face of the

cut bank and across the bottom of theActive Channels and

pool toward the inside of the bend. Floodplains

This rotating flow is calledhelical

flow and the direction of rotation is
illustrated on the diagram on the
previous page by the arrows at the to
and bottom of cross sections 3 and 4
the figure.

The distribution of flow velocities in
straight and meandering streams is
important to understand when plan-

ning and designing modifications in - ;s naturally occurring process

stream alignment in a stream corridory 5intains the cross section needed to
restoration. Areas of highest velocitie%onvey water and sediment from the
generate the most stream power, SO \yatershed. Vertical accretion is the

where such velocities intersect the deposition of sediment on flooded
stream boundaries |n_d|cates where ¢ rfaces. This sediment generally is
more durable protection may be finer textured than point bar sediments
needed. and is considered to be an overbank
As flow moves through a meander, thdeposit. Vertical accretion occurs on
bottom water and detritus in the pool top of the lateral accretion deposits in
are rotated to the surface. This rotatiothe point bars; however, lateral accre-
is an important mechanism in movingtion is the dominant process. It typi-
drifting and benthic organisms past cally makes up 60 to 80 percent of the
predators in pools. Riffle areas are nofotal sediment deposits in floodplains
as deep as pools, so more turbulent (Leopold et al. 1964). It is apparent
flows occur in these shallow zones. that lateral migration of meanders is an
The turbulent flow can increase the important natural process since it plays
dissolved oxygen content of the watela critical role in reshaping floodplains.
and may also increase the oxidation

and volatilization of some chemical

constituents in water.

Another extremely important function
of roughness elements is that they
create aquatic habitat. As one ex-
ample, the deepest flow depths usually
occur at the base of cutbanks. These

Floodplains are built by two stream
processes, lateral and vertical accre-
jon. Lateral accretion is the deposition
ﬂ{ sediment on point bars on the
Insides of bends of the river. The
stream laterally migrates across the
floodplain as the outside of the mean-
der bend erodes and the point bar
builds with coarse-textured sediment.
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CHAPTER 2: STREAM CORRIDOR PROCESSES, CHARACTERISTICS, AND FUNCTIONS

2.C Physical and Chemical Characteristics

The quality of water in the stream influence of the watershed on water
corridor might be a primary objective quality, with particular attention to
of restoration, either to improve it to ariparian areas. The longitudinal per-

desired condition or to sustain it. spective refers to processes that affect
Establishing an appropriate flow water quality during transport
regime and geomorphology in a instream.

stream corridor may do little to ensure

a healthy ecosystem if the physical Physical Characteristics
and chemical characteristics of the

water are inappropriate. For example,Sediment

a stream containing high concentra- - gection 2.8 discussed total sediment
tions of toxic materials or in which 554s in the context of the evolution of
high temperatures, low dissolved  gyeam form and geomorphology. In
oxygen, or other physicalichemical  5qition to its role in shaping stream
characteristics are inappropriate form, suspended sediment plays an
cannot support a healthy stream i 56rtant role in water quality, both in
corridor. Conversely, poor condition ok \water column and at the sediment-
the stream corridor—such as lack of |, ~iar interface. In a water quality
riparian shading, poor controls on - ¢qniext sediment usually refers to soil
erosion, or excessive sources of particles that enter the water column

nutrients and oxygen-demanding  trom eroding land. Sediment consists
waste—can result in degradation of - ¢ o icles of all sizes, including fine

the physical and chemical conditions clay particles, silt, and gravel. The

within the stream. term sedimentation is used to describe
This section briefly surveys some of the deposition of sediment particles in
the key physical and chemical characwaterbodies.

teristics of_floyving waters. S_tream . Although sediment and its transport
water quality is a broad topic on Which,.,r naturally in any stream, changes
many books have been written. The j, sediment load and particle size can

focus here is on a few key concepts 5ye negative impactgigure 2.18.

that are relevant to stream corridor  kine sediment can severely alter
restoration. The reader is referred to aquatic communities. Sediment may
other sources (e.g., Thomann and ¢4 and abrade fish gills, suffocate
Mueller 19_87, Mills et al. 1985) for a eggs and aquatic insect larvae on the
more detailed treatment. bottom, and fill in the pore space

As in the previous sections, the physibetween bottom cobbles where fish lay
cal and chemical characteristics of  eggs. Sediment interferes with recre-
streams are examined in both the  ational activities and aesthetic enjoy-
lateral and longitudinal perspectives. ment at waterbodies by reducing water
The lateral perspective refers to the clarity and filling in waterbodies.
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Figure 2.18: Stream
sedimentation.

Although sediment and
its transport occur
naturally, changes in
sediment load and
particle size have
negative impacts.

Sediment Across the Stream Corridor

Rain erodes and washes soil particles
off plowed fields, construction sites,
logging sites, urban areas, and strip-
mined lands into waterbodies. Eroding
streambanks also deposit sediment
into waterbodies. In sum, sediment
guality in the stream represents the net
result of erosion processes in the
watershed.

The lateral view of sediment is dis-
cussed in more detail in Section 2.B. It
is worth noting, however, that from a
water quality perspective, interest may
focus on specific fractions of the
sediment load. For instance, control-

Sediment also may carry other pollut-ling fine sediment load is often of
ants into waterbodies. Nutrients and Particular concern for restoration of
toxic chemicals may attach to sedi- habitat for salmonid fish.

ment particles on land and ride the  Restoration efforts may be useful for
particles into surface waters where theontrolling loads of sediment and
pollutants may settle with the sedi-  sediment-associated pollutants from
ment or become soluble in the water the watershed to streams. These may
column. range from efforts to reduce upland

Studies have shown that fine sedimerfrosion to treatments that reduce
intrusion can significantly impact the sediment delivery through the riparian
quality of spawning habitat (Cooper zone. Design of restoration treatments
1965, Chapman 1988). Fine sedimentS covered in detail in Chapter 8.
intrusion into streambed gravels can

reduce permeability and intragravel Sediment Along the Stream Corridor
water velocities, thereby restricting The longitudinal processes affecting
the supply of oxygenated waterto ~ sediment transport from a water
developing salmonid embryos and thejuality perspective are the same as
removal of their metabolic wastes. those discussed from a geomorphic
Excessive fine sediment deposition perspective in Section 2.B. As in the
can effectively smother incubating  lateral perspective, interest from a
eggs and entomb alevins and fry. A water quality point of view may be
sediment intrusion model (Alonso et focused on specific sediment size

al. 1996) has been developed, verifiedractions, particularly the fine sedi-
and validated to predict the within-  ment fraction, because of its effect on
redd (spawning area) sediment accu-water quality, water temperature,
mulation and dissolved oxygen statushabitat, and biota.
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CHAPTER 2: STREAM CORRIDOR PROCESSES, CHARACTERISTICS, AND FUNCTIONS

Water Temperature opportunity to gain heat through

Water temperature is a crucial factor igontact with surfaces heated by the
stream corridor restoration for a sun. In contrast, ground water is
number of reasons. First, dissolved Uusually cooler in summer and tends to
oxygen solubility decreases with reflect average annual temperatures in
increasing water temperature, so the the watershed. Water flow via shallow

stress imposed by oxygen-demandingdround water pathways may lie be-

waste increases with higher tempera-tween the average annual temperature
tures. Second, temperature governs and ambient temperatures during
many biochemical and physiological runoff events.

processes in cold-blooded aquatic  Both the fraction of runoff arriving via| FAST FORWARD
organisms, and increased temperaturgarface pathways and the temperaturq See Section D for
can increase metabolic and reproduc-of surface runoff are strongly affected| more detail on the ef-
tive rates throughout the food chain. by the amount of impervious surfaces :Zfrsp‘zrgzjvrir on water
Third, many aquatic species can within a watershed. For example, hot

tolerate only a limited range of tem- paved surfaces in a watershed can heat
peratures, and shifting the maximum surface runoff and significantly in-

and minimum temperatures within a crease the temperature of streams that
stream can have profound effects on receive the runoff.

species composition. Finally, tempera-

ture also affects many abiotic chemicalater Temperature Along the Stream
processes, such as reaeration rate, Corridor

sorption of organic chemicals to Water also is subject to thermal load-
particulate matter, and volatilization ing through direct effects of sunlight
rates. Temperature increase_s can lea@n streams. For the purposes of resto-
to increased stress from toxic com-  ration, land use practices that remove

pounds, for which the dissolved overhead cover or that decrease
fraction is usually the most bioactive paseflows can increase instream
fraction. temperatures to levels that exceed

critical thermal maxima for fishes
Watgr Temperature Across the Stream (Feminella and Matthews 1984).
Corridor Maintaining or restoring normal
Water temperature within a stream  temperature ranges can therefore be an
reach is affected by the temperature dfportant goal for restoration.
water upstream, processes within the

stream reach, and the temperature of Chemical Constituents

influent water. The lateral view ad- Previous chapters have discussed the
dresses the effects of the temperature N .
of influent water physical journey of water as it moves

_ i through the hydrologic cycle. Rain
The most important factor for tem-  percolates to the ground water table or
stream reach is the balance between cgjlect this water and route it toward

water pathways. Water that flows ovefyceyrs throughout the cycle. As water
the land surface to a stream has the makes this journey, its chemistry
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Figure 2.19: The

organic coatings on
suspended sediment
from streams.

Water chemistry
determines whether
sediment will carry
adsorbed materials or if
stream sediments will be
coated.

Clay

™ organic coating

B iron coating

changes. While in the air, water equilition of ferric iron results in iron coat-
brates with atmospheric gases. In ings on the surfaces of some stream
shallow soils, it undergoes chemical sediments. These coatings, along with
exchanges with inorganic and organicorganic coatings, play a substantial
matter and with soil gases. In ground role in the aquatic chemistry of toxic
water, where transit times are longer, trace elements and toxic organic

there are more opportunities for chemicals. The chemistry of toxic
minerals to dissolve. Similar chemicalorganic chemicals and metals, along
reactions continue along stream with the cycling and chemistry of

corridors. Everywhere, water interactsoxygen, nitrogen, and phosphorus, will
with everything it touches—air, rocks, be covered later in this section.

bacteria, plants, and fish—andis  The total concentration of all dissolved
affected by human disturbances. ions in water, also known as salinity,
Scientists have been able to define varies widely. Precipitation typically
several interdependent cycles for margontains only a few parts per thousand
of the common dissolved constituents(ppt) of dissolved solids, while the

in water. Central among these cycles msalinity of seawater averages about 35
the behavior of oxygen, carbon, and ppt (Table 2.5. The concentration of
nutrients, such as nitrogen (N), phos- dissolved solids in freshwater may
phorus (P), sulfur (S), and smaller  vary from only 10 to 20 mg/L in a
amounts of common trace elements. pristine mountain stream to several
Iron, for example, is an essential hundred mg/L in many rivers. Concen-
element in the metabolism of animals trations may exceed 1,000 mg/L in arid
and plants. Iron in aquatic systems Watersheds. A dissolved solids concen-
may be present in one of two oxidatioffation of less than 500 mg/L is recom-
states. Ferric iron (B8 is the more ~ mended for public drinking water, but
oxidized form and is very sparingly ~ this threshold is exceeded in many
soluble in water. The reduced form, @reas of the country. Some crops
ferrous iron (F&), is more soluble by (notably fruit trees and beans) are
many orders of magnitude. In many Sensitive to even modest salinity, while
aquatic systems, such as lakes for ~ other crops, such as cotton, barley, and
example, iron can cycle from the ferri®€ets, tolerate high concentrations of
state to the ferrous state and back  dissolved solids. Agricultural return
again Figure 2.19. The oxidation of Water from irrigation may increase

ferrous iron followed by the precipita- Salinity in streams, particularly in the
west. Recommended salinity limits for

livestock vary from 2,860 mg/L for

Sand poultry to 12,900 mg/L for adult
sheep. Plants, fish, and other aquatic
life also vary widely in their adapta-
tion to different concentrations of
dissolved solids. Most species have a
maximum salinity tolerance, and few
can live in very pure water of very low
ionic concentration.
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pH, Alkalinity, and Acidity

Alkalinity, acidity, and buffering
capacity are important characteristics
of water that affect its suitability for
biota and influence chemical reac-
tions. The acidic or basic (alkaline)
nature of water is commonly quanti-
fied by the negative logarithm of the
hydrogen ion concentration, or pH. A
pH value of 7 represents a neutral
condition; a pH value less than 5
indicates moderately acidic condi-
tions; a pH value greater than 9 indi-
cates moderately alkaline conditions.
Many biological processes, such as
reproduction, cannot function in acidic
or alkaline waters. In particular,
aquatic organisms may suffer an
osmotic imbalance under sustained
exposure to low pH waters. Rapid
fluctuations in pH also can stress
aquatic organisms. Finally, acidic
conditions also can aggravate toxic
contamination problems through
increased solubility, leading to the
release of toxic chemicals stored in
stream sediments.

pH, Alkalinity, and Acidity Across the
Stream Corridor

Cconsiwent| 7] 2 [ 5 ] + [ 5 | ©_
SiO2 0.0 1.2 0.3 0.1

Al .01

Fe .00 .015
Ca .0 .65 1.2 .8 1.41 .075
Mg 2 A4 7 1.2 .027
Na .6 56 .0 9.4 42 220
K .6 11 .0 .0 .072
NH4 .0

HCO3 8 7 4

SOy 1.6 ||2.18]|| .7 7.6 214 1.1

Cl 2 S| -8 || 17 .22

NO2 .02 .00 .02

NO3 1 62| .2 .0

Total

dissolved

solids 4.8 82 38

pH 5.6 64 55 4.9

1. Snow, Spooner Summit. U.S. Highway 50, Nevada (east of Lake
Tahoe) (Feth, Rogers, and Roberson, 1964).

2. Average composition of rain, August 1962 to July 1963, at 27 points in
North Carolina and Virginia (Gambell and Fisher, 1966).

3. Rain, Menlo Park, Calif., 7:00 p.m. Jan. 9 to 8:00 a.m. Jan 10, 1958
(Whitehead and Feth, 1964).

. Rain, Menlo Park, Calif., 8:00 a.m. to 2:00 p.m. Jan 10, 1958
(Whitehead and Feth, 1964).

. Average for inland sampling stations in the United States for 1 year.
Data from Junge and Werby (1958), as reported by Whitehead and
Feth (1964).

. Average composition of precipitation, Williamson Creek, Snohomish
County, Wash., 1973-75. Also reported: As, 0.00045 mg/L; Cu 0.0025
mg/L; Pb, 0.0033 mg/L; Zn, 0.0036 mg/L (Deithier, D.P., 1977, Ph.D.
thesis. University of Washington, Seattle).

IS

(&

o

Table 2.5: Composition,
in milligrams per liter,

sphere, most rain is naturally slightly o rain and snow.

The pH of runoff reflects the chemicalggidic, with a pH of about 5.6. In-
characteristics of precipitation and thecreased acidity in rainfall can be

land surface. Except in areas with

caused by inputs, particularly from

significant ocean spray, the dominant ping fossil fuels.

ion in most precipitation is bicarbon-
ate (HCQ). The bicarbonate ion is
produced by carbon dioxide reacting
with water:

H,0 + CQ = H* + HCO;

As water moves through soils and
rocks, its pH may increase or decrease
as additional chemical reactions occur.
The carbonate buffering system
controls the acidity of most waters.

This reaction also produces a hydro- Carbonate buffering results from

gen ion (H), thus increasing the chemical equilibrium between cal-
hydrogen ion concentration and cium, carbonate, bicarbonate, carbon
acidity and lowering the pH. Because dioxide, and hydrogen ions in the

of the presence of Cn the atmo- water and carbon dioxide in the atmo-
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sphere. Buffering causes waters to  atmospheric CQ alkalinity in the

resist changes in pH (Wetzel 1975). water column, and streambed material.
Alkalinity refers to the acid-neutraliz- An additional characteristic of pH in
ing capacity of water and usually some poorly buffered waters is high
refers to those compounds that shift daily variability in pH levels attribut-
the pH in an alkaline direction (APHA able to biological processes that affect
1995, Wetzel 1975). The amount of the carbonate buffering system. In
buffering is related to the alkalinity  waters with large standing crops of
and primarily determined by carbonataquatic plants, uptake of carbon

and bicarbonate concentration, whichdioxide by plants during photosynthe-
are introduced into the water from  sis removes carbonic acid from the
dissolved calcium carbonate (i.e., water, which can increase pH by
limestone) and similar minerals several units. Conversely, pH levels
present in the watershed. For examplepay fall by several units during the
when water interacts with limestone, night when photosynthesis does not

the following dissolution reaction occur and plants give off carbon
occurs: dioxide. Restoration techniques that
H* + CaCQ= C&" + HCQ; decrease instream plant growth

3

through increased shading or reduction
in nutrient loads or that increase
reaeration also tend to stabilize highly
variable pH levels attributable to high
rates of photosynthesis.

This reaction consumes hydrogen
ions, thus raising the pH of the water.
Conversely, runoff may acidify when
all alkalinity in the water is consumed
by acids, a process often attributed to
the input of strong mineral acids, suchl e pH within streams can have

as sulfuric acid, from acid mine important consequences for toxic
drainage, and weak organic acids, materials. High acidity or high alkalin-
such as humic and fulvic acids, whichity tend to convert insoluble metal
are naturally produced in large quantiSulfides to soluble forms and can

ties in some types of soils, such as increase the concentration of toxic
those associated with coniferous metals. Conversely, high pH can
forests, bogs, and wetlands. In some Promote ammonia toxicity. Ammonia
streams, pH levels can be increased B Present in water in two forms,
restoring degraded wetlands that ~ unionized (NH)) and ionized (NEF).
intercept acid inputs, such as acid  Of these two forms of ammonia, un-
mine drainage, and help neutralize ionized ammonia is relatively highly
acidity by converting sulfates from toxic to aquatic life, while ionized
sulfuric acid to insoluble nonacidic ~@mmonia is relatively negligibly toxic.

metal sulfides that remain trapped in The proportion of un-ionized ammonia
wetland sediments. is determined by the pH and tempera-

ture of the water (Bowie et al. 1985)—
pH, Alkalinity, Acidity Along the Stream @S pH or temperature increases, the
Corridor proportion of un-ionized ammonia and
the toxicity also increase. For ex-

Within a stream, similar reactions X
ample, with a pH of 7 and a tempera-

occur between acids in the water,
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ture of 68°F, only about 0.4 percent ofoxygen primarily by respiration of

the total ammonia is in the un-ionizedaquatic plants, animals, and microor-
form, while at a pH of 8.5 and a ganisms. Due to their shallow depth,
temperature of 78F, 15 percent of the large surface exposure to air, and
total ammonia is in the un-ionized  constant motion, undisturbed streams

form, representing 35 times greater generally contain an abundant DO

potential toxicity to aquatic life. supply. However, external loads of
oxygen-demanding wastes or exces- [ pAST FORWARD
Dissolved Oxygen sive plant growth induced by nutrient

) . ) . See Section D for
Dissolved oxygen (DO) is a basic loading followed by death and decom{ ... information on

requirement for a healthy aquatic position of vegetative material can DO.

ecosystem. Most fish and aquatic ~ deplete oxygen.

insects “breathe” oxygen dissolved in

the water column. Some fish and Dissolved Oxygen Across the Stream
aquatic organisms, such as carp and corrdor

sludge worms, are adapted to low  Oxygen concentrations in the water
oxygen conditions, but most sport fishcolumn fluctuate under natural condi-
species, such as trout and salmon, tions, but oxygen can be severely
suffer if DO concentrations fall below depleted as a result of human activities
a concentration of 3 to 4 mg/l. Larvaethat introduce large quantities of

and juvenile fish are more sensitive biodegradable organic materials into
and require even higher concentratiorsurface waters. Excess loading of

of DO (USEPA 1997). nutrients also can deplete oxygen

Many fish and other aquatic organism&N€n plants within a stream produce
can recover from short periods of low 1279€ guantities of plant biomass.

DO in the water. However, prolonged Loads of oxygen-demanding waste
episodes of depressed dissolved usually are reported dsochemical
oxygen concentrations of 2 mg/l or  oxygen demand (BODBOD is a

less can result in “dead” waterbodies.measure of the amount of oxygen
Prolonged exposure to low DO condi-required to oxidize organic material in
tions can suffocate adult fish or reducwater by biological activity. As such,
their reproductive survival by suffo- BOD is an equivalent indicator rather
cating sensitive eggs and larvae, or than a true physical or chemical

can starve fish by killing aquatic insecsubstance. It measures the total con-
larvae and other prey. Low DO con- centration of DO that eventually
centrations also favor anaerobic would be demanded as wastewater
bacteria that produce the noxious degrades in a stream.

gases or foul odors often associated BOD also is often separated into

with polluted waterbodies. carbonaceous and nitrogenous compo-
Water absorbs oxygen directly from nents. This is because the two frac-
the atmosphere, and from plants as ations tend to degrade at different rates.
result of photosynthesis. The ability ofMany water quality models for dis-
water to hold oxygen is influenced by solved oxygen require as input esti-
temperature and salinity. Water loses mates of ultimate carbonaceous BOD
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(CBOD,) and either ultimate nitrog-  significant BOD loads. Land-disturb-
enous BOD (NBOD) or concentra-  ing activities of silviculture and con-
tions of individual nitrogen species. struction can result in high organic

Oxygen-demanding wastes can be loads through the erosion of organic
loaded to streams by point source topsoil. Finally, urban runoff often is
discharges, nonpoint loading, and loaded with high concentrations of
ground water. BOD loads from major 0rganic materials derived from a
point sources typically are controlled Variety of sources.
and monitored and thus are relatively
easy to analyze. Nonpoint source load¥Ssolved Oxygen Along the Stream
of BOD are much more difficult to ~ C0rmdor
_ analyze. In general, any loading of ~ Within a stream, DO content is af-
Figure 2.20: organic material from a watershed to &cted by reaeration from the atmo-

Interrelationship of . . .
major kinetic processes stream results in an oxygen demand. Sphere’ prOdUCtlon of DO by aquatlc

for BOD and DO as Excess loads of organic material may plants as a by-product of photosynthe-
aeu‘;ie;e;ffefg water arise from a variety of land use prac- Sis, and consumption of DO in respira-
Complex. interacting tices, coupled with storm events, tion by plants, animals, and, most
physical and chemical erosion, and washoff. Some agricul- importantly, microorganisms.

processes can sometimes  yrg| activities, particularly large-scale Major processes affecting the DO

be simplified by models in . . . .

order to plan a animal operations and improper balance within a stream are summa-
restoration. manure application, can result in rized inFigure 2.2Q This includes the

following components:
e Carbonaceous deoxygenation
* Nitrogenous deoxygenation

carbonaceous (nitrification)
atmosoliNE deoxygenation .
NH; oxygen 3 g * Reaeration
o 5 » Sediment oxygen demand
2 - . o
NO; %, S e Photosynthesis and respiration
’%%} of plants.
NO; Reaeration is the primary route for

introducing oxygen into most waters.
Oxygen gas (§) constitutes about 21
percent of the atmosphere and readily
dissolves in water. The saturation
concentration of DO in water is a
measure of the maximum amount of
oxygen that water can hold at a given
temperature. When oxygen exceeds
the saturation concentration, it tends to
degas to the atmosphere. When oxygen
is below the saturation concentration,
it tends to diffuse from the atmosphere
to water. The saturation concentration

photosynthesis
uoneJdsal
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of oxygen decreases with temperaturdure energy from the sun to fix carbon
according to a complex power func- dioxide into reduced organic matter:

tion equation (APHA 1995). Inaddi- gco + 6 HO = GH,_O, + 6 Q
. . 2 6 1276 2
tion to temperature, the saturation :
Lo Note that photosynthesis also produces
concentration is affected by water

e . xygen. Plants utilize their simpl
salinity and the atmospheric pressure.0 yge ants tiize their simp'e

. . hotosyntheti rs and other
As the salinity of water increases, thep olosynthetic sugars a d othe
; . nutrients (notably nitrogen [N], phos-
saturation concentration decreases. As ,
horus [P,] and sulfur [S] with smaller

the atmospheric pressure increases the
. ; . amounts of several common and trace
saturation concentration also in-

elements) to operate their metabolism
creases.

_ _ and to build their structures.
Interactions between atmospheric an

. ) cR/Iost animal life depends on the
DO are driven by the partial pressure release of enerav stored by plants in
gradient in the gas phase and the 9y yp

: N L ic pr . In areac-
concentration gradient in the liquid the photosynthetic process. In a reac

phase (Thomann and Mueller 1987). tion that is the reverse of photosynthe-

T sis, animals consume plant material or
Turbulence and mixing in either phase : L
. . other animals and oxidize the sugars,
decrease these gradients and increase . :

) ) ; '%tarches, and proteins to fuel their
reaeration, while a quiescent, stagnan : ) .

. metabolism and build their own
surface or films on the surface reduce : :

: structure. This process is known as
reaeration. In general, oxygen transfer = " . :
. respiration and consumes dissolved
in natural waters depends on the

. oxygen. The actual process of respira-
following: 7S :
N tion involves a series of energy con-
* Internal mixing and turbulence yerting oxidation-reduction reactions.
due to velocity gradients and  Higher animals and many microorgan-

fluctuation isms depend on sufficient dissolved
* Temperature oxygen as the terminal electron accep-
« Wind mixing tor in these reactions and cannot

survive without it. Some microorgan-
isms are able to use other compounds
* Surface films (such as nitrate and sulfate) as electron
* Water column depth. acceptors in metabolism and can

Stream restoration techniques often SUrvive in anaerobic (oxygen-de-

take advantage of these relationshipspléted) environments.

for instance by the installation of Detailed information on analysis and
artificial cascades to increase modeling of DO and BOD in streams
reaeration. Many empirical formula- is contained in a number of references
tions have been developed for estimate.g., Thomann and Mueller 1987),

ing stream reaeration rate coefficientsand a variety of well-tested computer
a detailed summary is provided in  models are available. Most stream
Bowie et al. (1985). water quality models account for

produced instream by aquatic plants. from NBOD (which is usually repre-
Through photosynthesis, plants cap- Sented via a direct mass balance of

» Waterfalls, dams, and rapids
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nitrogen species) argediment oxygen loaded from the watershed) is neces-
demandor SOD SOD represents the sary to support the food chain. How-
oxygen demand of sediment organisnever, excessive growth of algae and
respiration and the benthic decomposether aquatic plants instream can result
tion of organic material. The demand in nuisance conditions, and the deple-
of oxygen by sediment and benthic tion of dissolved oxygen during
organisms can, in some instances, bermnphotosynthetic periods by the
significant fraction of the total oxygen respiration of plants and decay of dead
demand in a stream. This is particu- plant material can create conditions
larly true in small streams. The effectsunfavorable to aquatic life.

may be particularly acute during low- phosphorus in freshwater systems
flow and high-temperature conditions,exists in either a particulate phase or a
as microbial activity tends to increase gissolved phase. Both phases include

with increased temperature. organic and inorganic fractions. The
The presence of toxic pollutants in theorganic particulate phase includes
water column can indirectly lower living and dead particulate matter,
oxygen concentrations by killing such as plankton and detritus. Inor-

algae, aquatic weeds, or fish, which ganic particulate phosphorus includes
provide an abundance of food for phosphorus precipitates and phospho-
oxygen-consuming bacteria. Oxygen rus adsorbed to particulates. Dissolved
depletion also can result from chemi- organic phosphorus includes organic
cal reactions that do not involve phosphorus excreted by organisms and
bacteria. Some pollutants trigger colloidal phosphorus compounds. The
chemical reactions that place a chemisoluble inorganic phosphate forms

cal oxygen demand on receiving H,PO,, HPQ?, and PG, collectively

waters. known assoluble reactive phosphorus
(SRP)are readily available to plants.

Nutrients Some condensed phosphate forms,

In addition to carbon dioxide and such as those found in detergents, are
water, aquatic plants (both algae and inorganic but are not directly available
higher plants) require a variety of ~ for plant uptake. Aquatic plants re-
other elements to support their bodily quire nitrogen and phosphorus in
structures and metabolism. Just as  different amounts. For phytoplankton,
with terrestrial plants, the most impor-as an example, cells contain approxi-
tant of these elements are nitrogen arf@ately 0.5 to 2.Qug phosphorus per
phosphorus. Additional nutrients, suctitd chlorophyll, and 7 to 1Qig nitro-

as potassium, iron, selenium, and  gen peg chlorophyll. From this

Si|iC8., are needed in smaller amounts relationship, it is clear that the ratio of
and generally are not limiting factors Nitrogen and phosphorus required is in
to plant growth. When these chemicalthe range of 5 to 20 (depending on the
are limited, plant growth may be characteristics of individual species) to
limited. This is an important consider-support full utilization of available
ation in stream management. Plant nutrients and maximize plant growth.
biomass (either created instream or
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When the ratio deviates from this nitrites, and nitrates. Because they
range, plants cannot use the nutrient must be converted to a form more
present in excess amounts. The otherusable by plants, particulate and
nutrient is then said to be the limiting organic nitrogen are less important in
nutrient on plant growth. In streams the short term.

experiencing excessive nutrient load- |t may seem unusual that nitrogen
ing, resource managers often seek 0 coyd limit plant growth, given that the
control loading of the limiting nutrient gymosphere is about 79 percent nitro-
at levels that prevent nuisance condi-gen gas. However, only a few life-
tions. forms (for example, certain bacteria
In the aquatic environment, nitrogen and blue-green algae) have the ability
can exist in several forms—dissolved to fix nitrogen gas from the atmo-

nitrogen gas (ly, ammonia and sphere. Most plants can use nitrogen
ammonium ion (NHand NHY), only if it is available as ammonia
nitrite (NQ,), nitrate (NQ), and (NH,, commonly present in water as

organic nitrogen as proteinaceous  the ionic form ammonium, Nf or as
matter or in dissolved or particulate nitrate (NQ) (Figure 2.21). However,
phases. The most important forms of in freshwater systems, growth of
nitrogen in terms of their immediate aquatic plants is more commonly

impacts on water quality are the limited by phosphorus than by nitro-
readily available ammonia ions, gen. This limitation occurs because
R Figure 2.21: Dynamics

oA W N

riparian and transformations of

vegetation atmospheric N,

nitrogen in a stream

ecosystem.
R ot : Nutrient cycling from one
RV ot ‘M : e P form to another occurs
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organic temperature and oxygen
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phosphate (PQ) forms insoluble In many cases the NPDES program
complexes with common constituentshas significantly cleaned up rivers and
in water (C&" and variable amounts ofstreams; however, many streams still
OH, CI, and B. Phosphorus also do not meet water quality standards,
sorbs to iron coatings on clay and  even with increasingly stringent
other sediment surfaces and is there-regulatory standards. Scientists and
fore removed from the water column regulators now understand that the
by chemical processes, resulting in thdominant source of nutrients in many
reduced ability of the water body to streams is from nonpoint sources
support plant growth. within the stream’s watershed, not
from point sources such as wastewater
Nutrients Across the Stream Corridor  treatment plants. Typical land uses that

Both nitrogen and phosphorus are  contribute to the nonpoint contamina-
delivered to surface waters at an tion of streams are the application of
elevated rate as a result of human  fertilizers to agricultural fields and
activities, including point source suburban lawns, the improper handling
discharges of treated wastewater andof animal wastes from livestock
nonpoint sources, such as agricultureoperations), and the disposal of human
and urban development. In many waste in septic systems. Storm runoff
developed watersheds, a major sourcBom agricultural fields can contribute
of nutrients is the direct discharge of nutrients to a stream in dissolved
treated waste from wastewater treat- forms as well as particulate forms.
ment plants, as well as combined  Because of its tendency to sorb to
sewer overflows (CSOs). Such point sediment particles and organic matter,
source discharges are regulated undgshosphorus is transported primarily in
the National Pollutant Discharge surface runoff with eroded sediments.
Elimination System (NPDES) and Inorganic nitrogen, on the other hand,
usually are well characterized by does not sorb strongly and can be
monitoring. The NPDES requires transported in both particulate and
permitted dischargers to meet both  dissolved phases in surface runoff.
numeric and narrative water quality Dissolved inorganic nitrogen also can
standards in streams. While most  be transported through the unsaturated
states do not have numeric standardszone (interflow) and ground water to
for nutrients, point source discharges waterbodiesTable 2.6presents

of nutrients are recognized as a factolcommon point and nonpoint sources of
leading to stream degradation and  nitrogen and phosphorus loading and
failure to achieve narrative water shows the approximate concentrations
quality standards. As a result, increasdelivered. Note that nitrates are natu-
ingly stringent limitations on nutrient rally occurring in some soils.
concentrations in wastewater treat-

ment plant effluent (particularly

phosphorus) have been imposed in

many areas.
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Total Nitrogen (mg/L) Total Phosphorus (mg/L) Table 2.6: Sources and

Urban runoffa 310 02-1.7 concentrations of
= = pollutants from
Livestock operationsa 6-800P 4-5 .
common point and

Atmosphere (wet deposition)?2 0.9 0.015¢ nonpoint sources.
90% forestd 0.06-0.19 0.006-0.012
50% forestd 0.18-0.34 0.013-0.015
90% agricultured 0.77-5.04 0.085-0.104
Untreated wastewatera 35 10

Treated wastewatera.e 30 10

2 Novotny and Olem (1994).

b As organic nitrogen.

¢ Sorbed to airborne particulate.

d Omernik (1977).

€ With secondary treatment.

Nutrients Along the Stream Corridor Toxic Organic Chemicals

Nitrogen, because it does not sorb  Pollutants that cause toxicity in ani-
strongly to sediment, moves easily mals or humans are of obvious con-
between the substrate and the water cern to restoration effortoxic

column and cycles continuously. organic chemicals (TOQGyre synthetic
Aquatic organisms incorporate dis- compounds that contain carbon, such
solved and particulate inorganic as polychlorinated biphenyls (PCBs)

nitrogen into proteinaceous matter. and most pesticides and herbicides.
Dead organisms decompose and Many of these synthesized compounds
nitrogen is released as ammonia ionstend to persist and accumulate in the

and then converted to nitrite and environment because they do not
nitrate, where the process begins readily break down in natural ecosys-
again. tems. Some of the most toxic synthetic

Phosphorus undergoes continuous ~ 0rganics, DDT and PCBs, have been
transformations in a freshwater envi- banned from use in the United States
ronment. Some phosphorus will sorb for decades yet continue to cause

to sediments in the water column or Problems in the aquatic ecosystems of
substrate and be removed from circu-many streams.

lation. The SRP (usually as orthophos- _ _

phate) is assimilated by aquatic plantd©Xic Organic Chemicals Across the

and converted to organic phosphorus Stream corridor
Aquatic plants then may be consumed OCs may reach a water body via
by detritivores and grazers, which in both point and nonpoint sources.
turn excrete some of the organic Because permitted NPDES point
phosphorus as SRP. Continuing the Sources must meet water quality
cycle, the SRP is rapidly assimilated standards instream and because of
by aquatic plants. whole effluent toxicity requirements,
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continuing TOC problems in most  fuels, pesticides, pharmaceuticals, and
streams are due to nonpoint loading, other items of modern life. These
recycling of materials stored in streamproducts and their associated wastes
and riparian sediments, illegal dump- and by-products can interfere with the
ing, or accidental spills. Two importantiealth of aquatic ecosystems. Under-
sources of nonpoint loading of organicstanding the transport and fate of
chemicals are application of pesticidesynthetic organic compounds (SQOR)
and herbicides in connection with aguatic environments continues to
agriculture, silviculture, or suburban challenge scientists. Only a general
lawn care, and runoff from potentially overview of the processes that govern
polluted urban and industrial land the behavior of these chemicals along
uses. stream corridors is presented here.

The movement of organic chemicals N

from the watershed land surface to a Solubility

water body is largely determined by It is the nature of the carbon-carbon
the characteristics of the chemical, asbond that electrons are distributed
discussed below under the longitudinaklatively uniformly between the
perspective. Pollutants that tend to  bonded atoms. Thus a chained or
sorb strongly to soil particles are ringed hydrocarbon is a fairly nonpolar
primarily transported with eroded compound. This nonpolar nature is
sediment. Controlling sediment deliv- dissimilar to the molecular structure of
ery from source area land uses is water, which is a very polar solvent.
therefore an effective management  On the general principle that “like
strategy. Organic chemicals with dissolves like,” dissolved constituents
significant solubility may be trans-  in water tend to be polar. Witness, for
ported directly with the flow of water, example, the ionic nature of virtually
particularly stormflow from impervi-  aJ| inorganic constituents discussed

ous urban surfaces. thus far in this chapter. How does an
organic compound become dissolved

Toxic Organic Chemicals Along the in water? There are several ways. The

Stream Corridor compound can be relatively small, so it

Among all the elements of the earth, minimizes its disturbance of the polar
carbon is unique in its ability to form aorder of things in aqueous solution.
virtually infinite array of stable cova- Alternatively, the compound may

lent bonds with itself: long chains, become more polar by adding polar
branches and rings, spiral helixes.  functional groupsKigure 2.22.

Carbon molecules can be so complexAlcohols are organic compound with -
that they are able to encode informa- OH groups attached; organic acids are

tion for the organization of other organic compound with attached -
carbon structures and the regulation a€OOH groups. These functional
chemical reactions. groups are highly polar and increase

The chemical industry has exploited  the solubility of any organic com-
this to produce many useful organic pound. Even more solubility in water

chemicals: plastics, paints and dyes, is gained by ionic functional groups,
such as -COO
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Figure 2.22: Relative
aqueous solubility of

ether | ©OF€ different functional
0 groups.
ester ClOR The solubility of a
0 contaminant in water
carbonyl o largely determines the
0 extent to which it will
carboxyl -COH impact water quality.
hydroxyl QIR
amine Wiy
carboxylate —C/foe
| | | | J
1 10 100 1000 10,000
Relative Aqueous Solubility
Another way that solubility is en- molecule increases solubility all the

hanced is by increased aromaticity. way to 1,780 mg/L. Adding an -OH to
Aromaticity refers to the delocalized benzene to form a phenol leads to
bonding structure of a ringed com-  another dramatic increase in solubility
pound like benzend-{gure 2.23. (to 82,000 mg/L). Adding a chloride
(Indeed, all aromatic compounds can atom to the benzene ring diminishes
be considered derivatives of benzenei}s aromatic character (chloride inhib-
Because electrons are free to “dance its the dancing electrons), and thus the
around the ring” of the benzene solubility of chlorobenzene (448 mg/
molecule, benzene and its derivativeslL) is less than benzene.

are more compatible with the polar

nature of water. Sorption

A simple example will illustrate the  In the 1940s, a young pharmaceuticalFigure 2.23: Aromatic

. S . hydrocarbons.
factors enhancing aqueous solubility industry sought to develop medicines Benzene is soluble in

of organic compounds. Six com- that could be transported in digestive yarer pecause of it's
pounds, each having six carbons, arefluids and blood (both of which are  “aromatic” structure.
shown inTable 2.7 Hexane is a essentially aqueous solutions) and

simple hydrocarbon, an alkane whose
solubility is 10 mg/L. Simply by
adding a single -OH group, which
converts hexane to the alcohol

o H H
hexanol, solubility is increased to I I
5,900 mg/L. You can bend hexane into AN 22N
a ringed alkane structure called cyclo- Hies ? ﬁ R HEs ﬁ (i m
hexane. Forming the ring makes HI—E C—H H—C C—H
cyclohexane smaller than hexane and N’/ N’/
increases its solubility, but only to 55 L ||4

mg/L. Making the ring aromatic by
forming the six-carbon benzene
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Table 2.7: Solubility of
six-carbon compounds.

Hexane
Hexanol
Cyclohexane
Benzene
Phenol

Chlorobenzene

Figure 2.24:
Relationship between
octanol/H ,O partition
coefficient and aqueous
solubility.

The relative solubility in
water is a substance'’s
"Water Partition
Coefficient.”

n - Octanol: Water Partition Coefficient

10 mg/L
5,900 mg/L
55 mg/L
1780 mg/L
82,000 mg/L
448 mgl/L

could also diffuse across cell mem-
branes (which have, in part, a rather
nonpolar character). The industry

pound of interest, and shook the
combination up. After a period of rest,
the water and octanol separate (neither
is very soluble in the other), and the
concentration of the organic com-
pound can be measured in each phase.
Theoctanol-water partition coeffi-

cient or K, is defined simply as:

Koy = concentration in octanol /
concentration in water

The relation between water solubility
and K is shown inFigure 2.24
Generally we see that very insoluble
compounds like DDT and PCBs have
very high values of K. Alternatively,

developed a parameter to quantify theorganic acids and small organic sol-

polar versus nonpolar character of
potential drugs, and they called that

vents like TCE are relatively soluble
and have low K values.

parameter the octanol-water partition The octanol-water partition coefficient

coefficient. Basically they put water

has been determined for many com-

and octanol (an eight-carbon alcohol) pounds and can be useful in under-
into a vessel, added the organic com-standing the distribution of SOC

107 —
) 2,4,5,2'4'5" - PCB
leptophos
] ooT®" @ 24525 - PCB
10°F DDE
® 4.4 -PCB
dichlofenthion
105 (" chlo.rpyrifos
ronnel
o .
dialifor methyl chlorpyrifos
. phosatone. ® @ diphenyl ether
10% |- ) parathion
dlcapthon. napthalene
. . @ @ @ np-dichlorobenzene
, fenitrothion @ iodobenzene
10° - . bromobenzene
malathion @ g\_'g chl?robenzene
hosmel 2 toluene
P 24D carbon tetrachloride
salicylic acid
i tetrachloroethylene @ .. benzene
flourobenzene ‘. chloroform
nitrobenzene™ ~benzoic acid
phenylacetic acid @
phenoxyzcetic acid @
0 ] ] ] ] ] ] ] ]
103 102 101 1 10 102 103 104 10° 106

Solubility in Water (umoles/I)
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between water and biota, and between
water and sediments. Compounds with
high K, tend accumulate in fish tissue
(Figure 2.25. Thesediment-water
distribution coefficientoften ex-
pressed as Kis defined in a sedi-
ment-water mixture at equilibrium as
the ratio of the concentration in the
sediment to the concentration in the
water:

K,= concentration in sediment /
concentration in water

One might ask whether this coefficient
is constant for a given SOC. Values of
K, for two polyaromatic hydrocarbons
in various soils are shown kigure

2.26 For pyrene (which consists of
four benzene rings stuck together), the
K, ratio vary from about 300 to 1500.
For phenanthrene (which consists of
three benzene rings stuck together), K
varies from about 10 to 300. Clearly
K, is not a constant value for either
compound. But, Kdoes appear to
bear a relation to the fraction of
organic carbon in the various sedi-
ments. What appears to be constant is
not K, itself, but the ratio of Kto the
fraction of organic carbon in the
sediment. This ratio is referred to as
K&

K.. = K,/ fraction of organic carbon

in sediment

Various workers have related Ko
K., and to water solubilityTable
2.9).
Using K, K_, and K| to describe the
partitioning of an SOC between water
and sediment has shown some utility,
but this approach is not applicable to
the sorption of all organic molecules
in all systems. Sorption of some SOC
occurs by hydrogen bonding, such as
occurs in cation exchange or metal
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Log BCF in Trout Muscle

Figure 2.25: Relationship between octanol/
water partition (P ) coefficient and
bioaccumulation factor (BCF) in trout
muscle.

Water quality can be inferred by the
accumulation of contaminants in fish tissue.
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Figure 2.26: Relationship between pyrene,
phenanthrene, and fraction organic carbon.
Contaminant concentrations in sediment vs.
water (K,) are related to the amount of organic
carbon available.
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Table 2.8: Regression
equations for sediment
adsorption coefficients
(K,.) for various
contaminants.

Figure 2.27: Two
important types of
hydrogen bonding
involving natural
organic matter and
mineral surfaces.

Some contaminants are
carried by sediment
particles that are sorbed
onto their surfaces by
chemical bonding.

log Koc =-0.551log S + 3.64 (Sin mg/L) 106

log K. =-0.54 log S + 0.44 10
(S in mole fraction)

log K, =-0.557 log S + 4.277 15
(Sin p moles/L)d

log Ky = 0.544 log Ko, + 1.377 45
log Ky = 0.937 log Ko, - 0.006 19
log Ko = 1.00 log K, - 0.21 10
log Kq. = 0.95 log K, + 0.02 9
log Ky = 1.029 log K, - 0.18 13
log Kq¢ = 0.524 log K, + 0.8554 30
log K = 0.0067 (p - 45N) + 0.2374.f 29
log K, = 0.681 log 8CF(f) + 1.963 13
log K, = 0.681 log 8CF(t) + 1.886 22

0.71
0.94

0.99

0.74
0.95

1.00

e
0.91
0.84
0.69

0.76
0.83

Wide variety, mostly pesticides

Mostly aromatic or polynuclear aromatics;
two chlorinated

Chlorinated hydrocarbons

Wide variety, mostly pesticides

Aromatics, polynuclear aromatics, triazines and
dinitroaniline herbicides

Mostly aromatic or polynuclear aromatics;
two chlorinated

S-triazines and dinitroaniline herbicides
Variety of insecticides, herbicides and fungicides
Substituted phenylureas and alkyl-N-phenylcarbamates

Aromatic compounds, urea, 1.3.5-triazines,
carbamates, and uracils

Wide variety, mostly pesticides

Wide variety, mostly pesticides

2 Koc = soil (or sediment) adsorption coefficient; S = water solubility; Kow = octanol-water partition coefficient; BCF(f) = bioconcentration factor
from flowing-water tests; BCF(t) = bioconcentration factor from model ecosystems; P = parachor; N = number of sites in molecule which can

participate in the formation of a hydrogen bond.

b No. = number of chemicals used to obtain regression equation.

¢ r2 = correlation coefficient for regression equation.

d Equation originally given in terms of Kom. The relationship Kom = Koc/1.724 was used to rewrite the equation in terms of Koc.

€ Not available.

f Specific chemicals used to obtain regression equation not specified.

sorption to sediment$igure 2.27).

Sorption is not always reversible; or abrganic compounds partition from
least after sorption occurs, desorptionwater into air by the process of volatil-

may be very slow.

silica alumina

Organic Bases

Organic Acids

\olatilization

ization. An air-water distribution
coefficient, the Henry’s Law constant
(H), has been defined as the ratio of
the concentration of a SOC in air in
equilibrium with its concentration in
water:

H = SOC concentration in air /
SOC concentration in water
“SOC” = synthetic organic compounds

A Henry’s Law constant for an SOC
can be estimated from the ratio of the
compound’s vapor pressure to its
water solubility. Organic compounds
that are inherently volatile (generally
low molecular weight solvents) have
very high Henry’s Law constants. But
even compounds with very low vapor
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pressure can partition into the atmo-

Wavelength Kilocalories Dissociation
sphere. DDT and PCBs for example, (nanometers)  per Gram-Mole ~  Energies for
have modest Henry’s Law constants of Quanta  Diatomic Molecules
because their solubility in water is so - 20
low. These SOC also have high K Infrared L 30
values and so may become airborne in 800 L 10 -l
association with particulate matter. L 600 v - Br - Br

Visible
Degradation Light = - 60 c.stcl-cl
SOC can be transformed into a variety — 400 [70 J— c-N
of degradation products. These degra- Ultraviolet | 350 80 Cc-C1:.0
dation products may themselves TS 200 90 - H-Br
degrade. Ultimate degradation, or Ultraviolet L 100 ool S-S
mineralization, results in the oxidation - 110 e
of organic carbon to carbon dioxide. Far - 250 - C-F 5.0
Major transformation processes Ultraviolet
include photolysis, hydrolysis, and B
oxidation-reduction reactions. The 200 C 140
latter are commonly mediated by
biological systems. The two parts then separate. A group Figure 2.28: Energy of

Photolysisrefers to the destruction of Of SOC called esters are particularly - electromagnetic
. . radiation compare
a compound by the energy of light. Vulnerable to degradation by hydroly- w.* 0 e eq

The energy of light varies inversely SiS- Many esters have been producedbond energies.

with its wavelengthRigure 2.28. as pesticides or plasticizers. Light breaks chemical

. .. . . . . bonds of some
Long-wave light lacks sufficient Oxidation-reduction reactions are Whatompounds through
energy to break chemical bonds. Shofftiels most metabolism in the bio- photolysis.

wave light (x-rays and gamma rays) issphere. SOC are generally considered
very destructive; fortunately for life onas sources of reduced carbon. In such
earth, this type of radiation largely is situations, what is needed for degrada-
removed by our upper atmosphere. tion is a metabolic system with the
Light near the visible spectrum appropriate enzymes for the oxidation
reaches the earth’s surface and can of the compound. A sufficient supply
break many of the bonds common in of other nutrients and a terminal

SOC. The fate of organic solvents  electron acceptor are also required.

following volatilization is usually Theprincipal of microbial infallibility
photolysis in the earth’s atmosphere. jnformally refers to the idea that given
Photolysis also can be important in thg supply of potential food, microbial
degradation of SOC in stream water. communities will develop the meta-
Hydrolysisrefers to the splitting of an bolic capability to use that food for
organic molecule by water. Essentialljpiochemical energy. Not all degrada-
water enters a polar locationona  tion reactions, however, involve the
molecule and inserts itself, with ari H oxidation of SOC. Some of the most
going to one part of the parent mol- problematic organic contaminants are
ecule and an Otfjoing to the other.  chlorinated compounds.
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Figure 2.29: Metabolic
reactions for a single
parent pesticide.
Particles break down
through processes of
hydrolysis, oxidation,
reduction, and photolysis.

inorganic

phosphate OtE— T_ OH

OH

Chlorinated SOC do not exist natu-

The chlorine is removed by reducing
the compound (i.e., by giving it elec-
trons). After the chlorines are re-
moved, degradation may proceed
along oxidative pathways. The degra-
dation of chlorinated SOC thus may
require a sequence of reducing and
oxidizing environments, which water
may experience as it moves between
stream and hyporheic zones.

The overall degradation of SOC often
follows complex pathways:igure
2.29shows a complex web of meta-
bolic reaction for a single parent
pesticide. Hydrolysis, reduction, and
oxidation are all involved in the
degradation of SOC, and the distribu-
tion and behavior of degradation
products can be extremely variable in
space and time.

Chemical consequences are rarely the
immediate goal of most restoration
actions. Plans that alter chemical
processes and attributes are usually
focused on changing the physical and
biological characteristics that are vital
to the restoration goals.

Toxic Concentrations of
Bioavailable Metals

rally, so microbial systems generally A variety of naturally occurring

are not adapted for their degradation. metals, ranging from arsenic to zinc,
Chlorine is an extremely electronega-have been established to be toxic to
tive element. The electronegativity of various forms of aquatic life when

chlorine refers to its penchant for
sucking on electrons. This tendency
explains why chloride exists as an
anion and why an attached chloride
diminishes the solubility of an aro-
matic ring. Given this character, it is
difficult for biological systems to
oxidize chlorinated compounds. An

initial step in that degradation, there-

present in sufficient concentrations.
The primary mechanisms for water
column toxicity of most metals is
adsorption at the gill surface. While
some studies indicate that particulate
metals may contribute to toxicity,
perhaps because of factors such as
desorption at the gill surface, the
dissolved metal concentration most

fore, is often reductive dechlorination.closely approximates the fraction of
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metal in the water column that is Nonpoint sources of metals first reflect
bioavailable. Accordingly, current EPAthe characteristics of watershed soils.
policy is that dissolved metal concen-In addition, many older industrial
trations should be used to set and  areas have soil concentrations of
measure compliance with water certain metals that are elevated due to
guality standards (40 CFR 22228-  past industrial practices. Movement of
22236, May 4, 1995). For most metalsnetals from soil to watershed is

the dissolved fraction is equivalent to largely a function of the erosion and
the inorganic ionic fraction. For delivery of sediment.

certain metals, most notably mercury, |n certain watersheds, a major source
the dissolved fraction also may includgf metals loading is provided by acid
the metal complexed with organic  mine drainage. High acidity increases
binding agents (e.g., methyl mercury, the solubility of many metals, and
which can be produced in sediments mines tend to be in mineral-rich areas.
by methanogenic bacteria, is soluble aApandoned mines are therefore a

and highly toxic, and can accumulate continuing source of toxic metals
through the food chain.) loading in many streams.

Toxic Concentrations of Bioavailable Toxic Concentrations of Bioavailable
Metals Across the Stream Corridor Metals Along the Stream Corridor

Unlike synthetic organic compounds, post metals have a tendency to leave
toxic metals are naturally occurring. Inpe dissolved phase and attach to
common with synthetic organics, suspended particulate matter or form
metals may be loaded to waterbodiesinsoluble precipitates. Conditions that
from both point and nonpoint sourcesyartition metals into particulate forms
Pollutants such as copper, zinc, and (presence of suspended sediments,
lead are often of concern in effluent  jissolved and particulate organic

from wastewater treatment plants but .a3rhon. carbonates, bicarbonates, and
are required under the NPDES pro-  gther jons that complex metals) reduce
gram to meet numeric water quality potential bioavailability of metals.
standards. Also, calcium reduces metal uptake,
Many of the toxic metals are present apparently by competing with metals
significant concentrations in most soil$or active uptake sites on gill mem-
but in sorbed nonbioavailable forms. branes. pH is also an important water
Sediment often introduces significant quality factor in metal bioavailability.
concentrations of metals such as zincln general, metal solubilities are lower
into waterbodies. It is then a matter ofat near neutral pH'’s than in acidic or
whether instream conditions promote highly alkaline waters.

bioavailable dissolved forms of the

metal.
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Ecologica/ Functions of organic matter, and an infinite number
Soils of bacteria which can live on a wide

- . . variety of energy sources found in soil.
Soil is a living and dynamic resource . . ) _ _
It is important to identify soil bound-

that supports life. It consists of inor- . )
aries and to understand the differences

ganic mineral particles of differing _ i _ )
sizes (clay, silt, and sand), organic " soil properties and functions occur-

matter in various stages of decompos{ing Within a stream corridor in order
tion, numerous species of living to identify opportunities and limita-
organisms, various water soluble ionstions for restoration. Floodplain and
and various gases and water. These terrace _50|Is are often_ areas _of dense
components each have their own population and intensive agricultural
physical and chemical characteristics 4€velopment due to their flat slopes,

which can either support or restrict a Proximity to water, and natural fertil-
particular form of life. ity. When planning stream corridor

. . . restoration initiatives in developed
Soils can be mineral or organic de-

i hich material mak areas, it is important to recognize these
pending on which material Makes Up 4iarations and to consider their im-
the greater percentage in the soil

matrix. Mineral soils develop in pat.:ts on goals._ _

materials weathered from rocks while SOIIS perform vital functions through-
organic soils develop in decayed ~ Out the landscape. One of the most
vegetation. Both soils typically de- ~ IMportant functions of soil is to pro-
velop horizons or layers that are vide a physical, chemical, and biologi-
approximately parallel to the soil cal settlng for I_|V|ng organisms. _Soﬂs
surface. The extreme variety of spe- SUPPOrt biological activity and diver-
cific niches or conditions soil can  Sity for plant and animal productivity.
create has enabled a large variety of Soils also regulate and partition the

fauna and flora to evolve and live 110w of water and the storage and
under those conditions. cycling of nutrients and other elements

. . o in the landscape. They filter, buffer,
Soails, particularly riparian and wetlan egrade, immobilize, and detoxify
59”5' (_:ontain and support a very high organic and inorganic materials and
diversity of flora a_md fauna both aboveprovide the mechanical support living
and below the soil surface. A large

. T . organisms need. These hydrologic,
variety of specialized organisms can geomorphic, and biologic functions
be found b?'OW the soll surface, involve processes that help build and
outnumbering those abpve ground bysustain stream corridors.
several orders of magnitude. Gener-
ally, organisms seen above ground are i Microbiology

higher forms of life such as plants andO . t ides th .
wildlife. However, at and below rganic matter provides the main

ground, the vast majority of life _sourcesoflenergy for St(t)” mlcrrr%orl?an-
consists of plant roots having the ISmS. S0l organic matter normally

responsibility of supporting the above ma_k(?lst up 1 t(.) 0 p(lertcent _cl)f Itthe tr?t‘?"t
ground portion of the plant, many weight in a mineral topsoll. 1t consists

insects, mollusks, fungi living on deadOf original tissue, partially decom-
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posed tissue, and humus. Soil organ- Landscape and Topographic

isms consume roots and vegetative Position

detritus for energy and to build tissue.Soil properties change with topo-

As the original organic matter is graphic position. Elevation differences
decomposed and modified by microorgenerally mark the boundaries of soils
ganisms, a gelatinous, more resistantand drainage conditions in stream
compound is formed. This material is corridors. Different landforms gener-
calledhumus It is generally black or  ally have different types of sediment
brown in color and exists as a colloid, underlying them. Surface and subsur-
a group of small, insoluble particles face drainage patterns also vary with
suspended in a gel. Small amounts oflandforms.

humus greatly increase a soil’s ability
to hold water and nutrient ions which
enhances plant production. Humus is
an indicator of a large and viable
population of microorganisms in the
soil and it increases the options avail-
able for vegetative restoration.

e Soils of active channel$he
active channel forms the lowest
and usually youngest surfaces
in the stream corridor. There is
generally no soil developed on
these surfaces since the uncon-
solidated materials forming the

Bacteria play vital roles in the organic stream bottom and banks are
transactions that support plant growth. constantly being eroded,
They are responsible for three essen- transported, and redeposited.

tial transformations: denitrification,
sulfur oxidation, and nitrogen fixation.
Microbial reduction of nitrate to nitrite
and then to gaseous forms of nitrogen
is termeddenitrification A water
content of 60 percent generally limits
denitrification and the process only
occurs at soil temperatures between
5°C and 75°C. Other soil properties
optimizing the rate of denitrification
include a pH between 6 and 8, soil
aeration below the biological oxygen
demand of the organisms in the soill,
sufficient amounts of water-soluble
carbon compounds, readily available
nitrate in the soil, and the presence of
enzymes needed to start the reaction.

* Soils of active floodplaing.he
next highest surface in the
stream corridor is the flat,
depositional surface of the
active floodplain. This surface
floods frequently, every 2 out
of 3 years, so it receives sedi-
ment deposition.

* Soils of natural leveedlatural
levees are built adjacent to the
stream by deposition of
coarser, suspended sediment
dropping out of overbank flows
during floods. A gentle
backslope occurs on the flood-
plain side of the natural levee,
so the floodplain becomes
lowest at a point far from the
river. Parent materials decrease
in grain size away from the
river due to the decrease in
sediment-transport capacity in
the slackwater areas.
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e Soils of topographic flood- ing goals for restoration initiatives.
plains. Slightly higher areas  The mean annual soil temperature is
within and outside the active usually very similar to the mean
floodplain are defined as the annual air temperature. Soil tempera-
topographic floodplain. They tures do experience daily, seasonal,
are usually inundated less and annual fluctuations caused by
frequently than the active solar radiation, weather patterns, and
floodplain, so soils may exhibitclimate. Soil temperatures are also
more profile development than affected by aspect, latitude, and
the younger soils on the active elevation.

floodplain. Soil moisture conditions change

* Soils of terracesAbandoned  seasonally. If changes in vegetation
floodplains, or terraces, are thespecies and composition are being
next highest surfaces in streanconsidered as part of a restoration
corridors. These surfaces rarelynitiative, a graph comparing monthly
flood. Terrace soils, in general,precipitation and evapotranspiration
are coarser textured than for the vegetation should be con-
floodplain soils, are more structed. If the water table and capil-
freely drained, and are sepa- lary fringe is below the predicted
rated from stream processes. rooting depth, and the graph indicates

Upon close examination, floodplain @ deficit in available water, irrigation
deposits can reveal historical events dpay be required. If no supplemental
given watersheds. Soil profile devel- Water is available, different plant
opment offers clues to the recent and SPecies must be considered.

geologic history at a site. Intricate andThe soil moisture gradient can de-
complex analysis methods such as crease from 100 percent to almost zero
carbon dating, pollen analysis, ratios along the transriparian continuum as
of certain isotopes, etc. can be used tone progresses from the stream bot-
piece together an area's history. Cyclédem, across the riparian zone, and into
of erosion or deposition can at times the higher elevations of the adjacent
be linked to catastrophic events like uplands (Johnson and Lowe 1985),
forest fires or periods of high or low which results in vast differences in
precipitation. Historical impacts of  moisture available to vegetation. This
civilization, such as extensive agricul-gradient in soil moisture directly

ture or denudation of forest cover will influences the characteristics of the

at times also leave identifiable evi-  ecological communities of the ripar-

dence in soils. ian, transitional, and upland zones.
These ecological differences result in

Soil Temperature and Moisture the presence of two ecotones along the

Relationships stream corridor—an aquatic-wetland/

Soil temperature and moisture controlriparian ecotone and a non-wetland
biological processes occurring in soil. riparian/floodplain ecotone—which
Average and expected precipitation increase the edge effect of the riparian
and temperature extremes are criticalzone and, therefore, the biological
pieces of information when consider- diversity of the region.
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Wetland Soils organic residue to carbon dioxide. This
Wet or “hydric” soils present special reaction produces an anaerobic chemi-
challenges to plant life. Hydric soils ~ cally reducing environment in which
are present in wetlands areas, creatingXidized compounds are changed to
such drastic changes in physical and reduced compounds that are soluble

chemical conditions that most speciesand also toxic to many plants. The rate
found in uplands cannot survive. of diffusion is so slow that oxygenated

Hence the composition of flora and conditions cannot be reestablished
fauna in wetlands are vastly different under such circumstances. Similar
and unique, especially in wetlands ~ microbial reactions involving decom-

Subject to permanent or pr0|0nged pOSitiOﬂ of organic matter in water-
saturation or flooding. logged anaerobic environments pro-

duce ethylene gas, which is highly
toxic to plant roots and has an even
stronger effect than a lack of oxygen.

Hydric soilsare defined as those that
are saturated, flooded or ponded long

enough during the growing season to o

develop anaerobic conditions in the Alter allljfree _oxygen IS dutlllze(ilr,l

upper part. These anaerobic condition%r:"r’ler_0 IC microbes reduce other
chemical constituents of the soil

affect the reproduction, growth and . udi itrat id
survival of plants. The driving processInC uding nitrates, manganese oxides,
and iron oxides, creating a further

behind the formation of hydric soils is duced dition in th i
flooding and/or soil saturation near thd®44¢€d con ftion |r|t € SO'_' _
surface for prolonged periods (usuallyProlonged anaerobic reducing condi-

more the seven days) during the tions result in the formation of readily
growing season. (Tiner and Veneman visible signs of reduction. The typical
1989). gray colors encountered in wet soils

The following focuses primarily on ire the reslult O;Srg?uf;? ron, and are
mineral hydric soil properties, but NOWN asgieyecsolls. AIer iron
K oxides are depleted, sulfates are

organic soils such as peat and muc duced t ifid ducing th
may be present in the stream corridor! €2Uced 10 Sullides, producing the

_ . rotten egg odor of wet soils. Under
In aerated soil environments, atmo-

_ : extremely waterlogged conditions,
spheric oxygen enters surface soils  .5pon dioxide can be reduced to

through gas diffusion, as soil pores arg,athane. Methane gas, also known as
mostly filled with air. Aerated soils aresgyamp gas” can be seen at night, as it
found in well drained uplands, and  f,0resces.

generally all areas having a water tabI(SaOme wetland plants have evolved

well below the root zone. In saturated al hani ¢ te f

soils, pores are filled with water, Epe_ua trrr:e_c an;sr_ns ° corgp_ensa € for

which diffuse gases very slowly aving their roots Immersed in anoxic
environments. Water lilies, for ex-

compared to the atmosphere. Only o f h ithin th
small amounts of oxygen can dissolve®MP'€, Torce a gas exchange within the

in soil moisture, which then dispersesemi_re plant by closing their stomata
into the top few inches of soil. Here, d_urlng the hea_t O.f the d"?‘y to raise t_he
soil microbes quickly deplete all air pressure within speugl conductive
available free oxygen in oxidizing tissue (aerenchyma). This process
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tends to introduce atmospheric oxygegen ions. During non-saturated times,
deep into the root crown, keeping vitabrganic materials are exposed to
tissues alive. Most emergent wetland atmospheric oxygen, and aerobic
plants simply keep their root systems decomposition can take place which
close to the soil surface to avoid results in massive liberation of hydro-
anaerobic conditions in deeper strata.gen ions. Seasonally wet soils also do
This is true of sedges and rushes, for not retain base metals well, and can

example. release high concentrations of metals
When soils are continually saturated N wet cycles following dry periods.
throughout, reactions can occur Wet soil indicators will often remain in

equally throughout the soil profile as the soil profile for long periods of time
opposed to wet soils where the water (even after drainage), revealing the
level fluctuates. This produces soils historical conditions which prevailed.
with little zonation, and materials tendExamples of such indicators are rust
to be more uniform. Most differences colored iron deposits which at one
in texture encountered with depth aretime were translocated by water in
related to stratification of sediments reduced form. Organic carbon distri-
sorted by size during deposition by  bution from past fluvial deposition
flowing water. Clay formation tends tocycles or zones of stripped soils
occur in place and little translocation resulting from wetland situations are
happens within the profile, as essen- characteristics which are extremely
tially no water moves through the soil long lived.

to transport the particles. Due to the

reactivity of wet soils, clay formation

tends to progress much faster than in

uplands.

Soils which are seasonally saturated or
have a fluctuating water table result in
distinct horizonation within the pro-

file. As water regularly drains through
the profile, it translocates particles and
transports soluble ions from one layer
to another, or entirely out of the

profile. Often, these soils have a thick
horizon near the surface which is
stripped of all soluble materials in-
cluding iron; known as depleted

matrix. Seasonally saturated soils
usually have substantial organic matter
accumulated at the surface, nearly
black in color. The organics add to the
cation exchange capacity of the saill,
but base saturation is low due to
stripping and overabundance of hydro-
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Summary

This section provides only a brief overview of the diverse and complex chemistry; nevertheless, two key
points should be evident to restoration practitioners:

« Restoring physical habitat cannot restore biological integrity of a system if there are water quality
constraints on the ecosystem.

« Restoration activities may interact in a variety of complex ways with water quality, affecting both the
delivery and impact of water quality stressors.

Table 2.9 shows how a sample selection of common stream restoration and watershed management
practices may interact with the water quality parameters described in this section.

Table 2.9: Potential water quality impacts of selected stream restoration and watershed management practices.

Restoration Fine Water Salinity pH Dissolved | Nutrients | Toxics
Activities Sediment | Temperature

Loads
Reduction of Decrease Decrease Decrease Increase/  Increase Decrease Decrease
land-disturbing decrease
activities
Limit impervious Decrease Decrease Negligible Increase  Increase Decrease  Decrease
surface area in effect
the watershed
Restore riparian Decrease Decrease Decrease Decrease Increase Decrease = Decrease
vegetation
Restore Decrease Increase/ Increase/ Increase/  Decrease Increase Increase
wetlands decrease decrease decrease
Stabilize channel Decrease Decrease Decrease Decrease Increase Decrease  Negligible
and restore effect
under-cut banks
Create drop Increase Negligible Negligible Increase/ Increase Negligible Decrease
structures effect effect decrease effect
Re-establish Negligible Negligible Negligible Increase/ Increase Negligible Negligible
riffle substrate effect effect effect decrease effect effect
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2.D Biological Community Characteristics

Successful stream restoration is based

on an understanding of the relation-
ships among physical, chemical, and
biological processes at varying time
scales. Often, human activities have
accelerated the temporal progression
of these processes, resulting in un-
stable flow patterns and altered bio-
logical structure and function of
stream corridors. This section dis-
cusses the biological structure and
functions of stream corridors in rela-
tion to geomorphologic, hydrologic,
and water quality processes. The
interrelations between the watershed
and the stream, as well as the cause
and effects of disturbances to these
interrelationships are also discussed.
Indices and approaches for evaluating
stream corridor functions are provided
in Chapter 7.

Terrestrial Ecosystems

The biological community of a stream
corridor is determined by the charac-
teristics of both terrestrial and aquatic
ecosystems. Accordingly, the discus-
sion of biological communities in
stream corridors begins with a review
of terrestrial ecosystems.

Ecological Role of Soll

Terrestrial ecosystems are fundamen-
tally tied to processes within the soil.
The ability of a soil to store and cycle
nutrients and other elements depends
on the properties and microclimate
(i.e., moisture and temperature) of the
soil, and the soil’'s community of
organismsTable 2.1Q. These factors
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Table 2.10: Groups of
organisms commonly
present in soils.

Animals

Macro | Subsisting largely on plant materials
Small mammals—squirrels, gophers, woodchucks, mice, shrews
Insects—springtails, ants, beetles, grubs, etc.
Millipedes
Sowbugs (woodlice)
Mites
Slugs and snails
Earthworms
Largely predatory
Moles
Insects—many ants, beetles, etc.
Mites, in some cases
Centipedes
Spiders
Micro Predatory or parasitic or subsisting on plant residues
Nematodes
Protozoa

Rotifers

Plants

Roots of higher plants
Algae
Green
Blue-green
Diatoms
Fungi
Mushroom fungi
Yeasts
Molds
Actinomycetes of many kinds

Bacteria

Aerobic Autotropic
Heterotropic
Anaerobic  Autotropic

Heterotropic
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REVERSE

See Section C for fur-
ther discussion of the
ecological functions of
soils.

also determine its effectiveness at  including moisture and nutrient con-
filtering, buffering, degrading, immo- tent. The characteristics of the plant
bilizing, and detoxifying other organic communities directly influence the

and inorganic materials. diversity and integrity of the faunal
communities. Plant communities that
Terrestrial Vegetation cover a large area and that are diverse

The ecological integrity of stream in their vertical and horizontal struc-
corridor ecosystems is directly relatedtural characteristics can support far
to the integrity and ecological charac-more diverse faunal communities than

teristics of the plant communities that relatively homogenous plant commu-
make up and surround the corridor. hities, such as meadows. As a result of
These plant communities are a valu- the complex spatial and temporal

able source of energy for the biologi- relationships that exist between floral
cal communities, provide physical ~ and faunal communities, current
habitat, and moderate solar energy €cological characteristics of these
fluxes to and from the surrounding communities reflect the recent histori-
aquatic and terrestrial ecosystems. cal (100 years or less) physical condi-
Given adequate moisture, light, and tions of the landscape.

temperature, the vegetative commu- The quantity of terrestrial vegetation,
nity grows in an annual cycle of activeas well as its species composition, can
growth/production, senescence, and directly affect stream channel charac-
relative dormancy. The growth period teristics. Root systems in the stream-
is subsidized by incidental solar bank can bind bank sediments and
radiation, which drives the photosyn- moderate erosion processes. Trees and
thetic process through which inorganigmaller woody debris that fall into the
carbon is converted to organic plant stream can deflect flows and induce
materials. A portion of this organic  erosion at some points and deposition
material is stored as above- and at others. Thus woody debris accumu-
below-ground biomass, while a sig- lation can influence pool distribution,
nificant fraction of organic matter is  organic matter and nutrient retention,
lost annually via senescence, fractionand the formation of microhabitats that
ation, and leaching to the organic soilare important fish and invertebrate
layer in the form of leaves, twigs, andaquatic communities.

decaying roots. This organic fraction, Streamflow also can be affected by the
rich in biological activity of microbial ) ,ndance and distribution of terres-
flora and microfauna, represents & 5| yegetation. The short-term effects
major storage and cycling pool of 4t ramoving vegetation can result in
available carbon, nitrogen, phospho- 4, immediate short-term rise in the
rus, and other nutrients. local water table due to decreased
The distribution and characteristics ofevapotranspiration and additional
vegetative communities are deter-  water entering the stream. Over the
mined by climate, water availability, longer term, however, after removal of
topographic features, and the chemicalegetation, the baseflow of streams
and physical properties of the soil,  can decrease and water temperatures
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can rise, particularly in low-order Links may involve continuous corri-
streams. Also, removal of vegetation dors between headwater and valley
can cause changes in soil temperaturéoor ecosystems or periodic interac-
and structure, resulting in decreased tions between terrestrial systems.
movement of water into and through Wildlife use corridors to disperse

the soil profile. The loss of surface  juveniles, to migrate, and to move
litter and the gradual loss of organic between portions of their home range.
matter in the soil also contribute to  Corridors of a natural origin are
increased surface runoff and decreasgdeferred and include streams and
infiltration. rivers, riparian strips, mountain passes,
In most instances, the functions of ~ ISthmuses, and narrow straits (Payne
vegetation that are most apparent are@nd Bryant 1995).

those that influence fish and wildlife. It is important to understand the

At the landscape level, the fragmentadifferences between a stream-riparian
tion of native cover types has been ecosystem and a river-floodplain
shown to significantly influence ecosystem. Flooding in the stream-
wildlife, often favoring opportunistic riparian ecosystem is brief and unpre-
species over those requiring large  dictable. The riparian zone supplies
blocks of contiguous habitat. In some nutrients, water, and sediment to the
systems, relatively small breaks in  stream channel, and riparian vegeta-
corridor continuity can have signifi-  tion regulates temperature and light. In
cant impacts on animal movement or the river-floodplain ecosystem, floods
on the suitability of stream conditions are often more predictable and longer
to support certain aquatic species. In lasting, the river channel is the donor
others, establishing corridors that are of water, sediment and inorganic
structurally different from native nutrients to the floodplain, and the
systems or that are inappropriately influx of turbid and cooler channel
configured can be equally disruptive. water influences light penetration and
Narrow corridors that are essentially temperature of the inundated flood-
edge habitat may encourage generaligtiain.

species, nest parasites, and predators,

and, where corridors have been estabStream Corridor Scale

lished across historic barriers to At the stream corridor scale, the
animal movement, they can disrupt theomposition and regeneration patterns
integrity of regional animal assem-  of vegetation are characterized in

blages (Knopf et al. 1988). terms ofhorizontal complexityFlood-
plains along unconstrained channels
Landscape Scale typically are vegetated with a mosaic

The ecological characteristics and  of plant communities, the composition

distribution of plant communities in a of which varies in response to avail-

watershed influence the movement ofable surface and ground water, differ-

water, sediment, nutrients, and wild- ential patterns of flooding, fire, and

life. Stream corridors provide links  predominant winds, sediment deposi-

with other features of the landscape. tion, and opportunities for establishing
vegetation.
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Figure 2.30: Canyon
effect.

Cool moist air settles in
canyons and creates
microhabitat that occurs
on surrounding slopes.

alder-walnut

willow

A broad floodplain of the southern,  The River Continuum Concept, as
midwestern, or eastern U.S. may discussed in Chapter 1, is also gener-
support dozens of relatively distinct ally applicable to the vegetative
forest communities in a complex components of the riparian corridor.
mosaic reflecting subtle differences inRiparian vegetation demonstrates both
soil type and flood characteristics a transriparian gradient (across the
(e.g., frequency, depth, and duration).valley) and an intra-riparian (longitu-
In contrast, while certain western dinal, elevational) gradient (Johnson
stream systems may support only a and Lowe 1985). In the west, growth
few woody species, these systems may riparian vegetation is increased by
be structurally complex due to con- the “canyon effect” resulting when
stant reworking of substrates by the cool moist air spills downslope from
stream, which produces a mosaic of higher elevationsHigure 2.30. This
stands of varying ages. The presencecooler air settles in canyons and

of side channels, oxbow lakes, and creates a more moist microhabitat than
other topographic variation can be  occurs on the surrounding slopes.
viewed as elements of structural These canyons also serve as water
variation at the stream corridor level. courses. The combination of moist,
Riparian areas along constrained cooler edaphic and atmospheric
stream channels may consist primarilgonditions is conducive to plant and
of upland vegetation organized by = animal species at lower than normal
processes largely unrelated to streamaltitudes, often in disjunct populations
characteristics, but these areas may or in regions where they would not
have considerable influence on the otherwise occur (Lowe and Shannon
stream ecosystem. 1954).

Plant Communities

The sensitivity of animal communities
to vegetative characteristics is well
recognized. Numerous animal species
are associated with particular plant

O 8 o communities, many require particular
a3 developmental stages of those commu-
: <5 nities (e.g., old-growth), and some

sycamore-ash

depend on particular habitat elements
within those communities (e.g.,

Rjtonwood, : ' snags). The structure of streamside

plant communities also directly affects
aquatic organisms by providing inputs
of appropriate organic materials to the
aquatic food web, by shading the
water surface and providing cover
along banks, and by influencing
instream habitat structure through
inputs of woody debris (Gregory et al.
1991).
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Plant communities can be viewed in trees Figure 2.31: Vertical
terms of their internal complexity complexity. -

. . Complexity may include
(Figure 2.31). Complexity may a number of layers of
include the number of layers of veg- vegetation.
etation and the species comprising
each layer; competitive interactions
among species; and the presence of
detrital components, such as litter,
downed wood, and snags. Vegetation
may contain tree, sapling, shrub
(subtree), vine, and herbaceous sub-
shrub (herb-grass-forb) layers.
Microtopographic relief and the ability
of water to locally pond also may be
regarded as characteristic structural
components.

Vertical complexitydescribed in the

concept of diversity of strata or foliagehoots, roots, and other vegetative
height diversity in ecological litera-  material, which provide food for

ture, was important to studies of avianyjglife. Poorer vigor can result in less
habitat by Carothers et al. (1974)  food and fewer consumers (wildlife).
along the Verde River, a fifth- or SiXth'Increasing the patch size (area) of a
order stream in central Arizona. streamside vegetation type, increasing
Findings showed a high correlation  the number of woody riparian tree size
between riparian bird species diversitg|zsses, and increasing the number of
and foliage height diversity of riparianspecieS and growth forms (herb, shrub,
vegetation (Carothers et al. 1974). tree) of native riparian-dependent
Short (1985) demonstrated that more yegetation can increase the number of
structurally diverse vegetative habitatau“ds and the amount of forage,
support a greater number of guilds  resylting in increased species richness
(groups of species with closely relate¢yng hiomass (numbers). Restoration
niches in a community) and thereforetechniques can change the above

herbaceous
€& subshrubs

a larger number of species. factors.
Species and age composition of  The jmportance of horizontal com-
vegetation structure also canbe  plexity within stream corridors to

extremely important. Simple vegeta- certain animal species also has been
tive structure, such as an herbaceousye|| established. The characteristic
layer without woody overstory or old compositional, structural, and topo-
woody riparian trees without smaller graphic complexity of southern flood-
size classes, creates fewer niches forplain forests, for example, provides
guilds. The fewer guilds there are, thepe range of resources and foraging
fewer species there are. The quality ¢onditions required by many wintering
and vigor of the vegetation can affect yaterfowl to meet particular require-
the productivity of fruits, seeds, ments of their life cycles at the appro-
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priate times (Fredrickson 1978); patterns of plant succession following
similar complex relationships have  disturbances in which pioneer species
been reported for other vertebrates amndell-adapted to bare soil and plentiful
invertebrates in floodplain habitats  light are gradually replaced by longer-
(Wharton et al. 1982). In parts of the lived species that can regenerate under
arid West, the unique vegetation more shaded and protected conditions.
structure in riparian systems contrastdNew disturbances reset the succes-
dramatically with the surrounding sional process. Within stream corri-
uplands and provides essential habitatlors, flooding, channel migration, and,
for many animals (Knopf et al. 1988). in certain biomes, fire, are usually the
Even within compositionally simple  dominant natural sources of distur-
riparian systems, different develop- bance. Restoration practitioners should
mental stages may provide different understand patterns of natural succes-
resources. sion in a stream corridor and should

Plant communities are distributed on t@ke advantage of the successional
floodplains in relation to flood depth, Process by planting hardy early-
duration, and frequency, as well as successional species to stabilize an
variations in soils and drainage condi-€roding streambank, while planning
tion. Some plant species, such as for the eventual replacement of these
cottonwood Populussp.), willows species _by Ionger-l_ived and higher-
(Salixsp.), and silver mapledcer successional species.

saccharinuny, are adapted to coloniza- _

tion of newly deposited sediments anderrestrial Fauna

may require very specific patterns of Stream corridors are used by wildlife
flood recession during a brief period more than any other habitat type

of seedfall to be successfully estab- (Thomas et al. 1979) and are a major
lished (Morris et al. 1978, Rood and source of water to wildlife popula-
Mahoney 1990). The resultant patterntions, especially large mammals. For
is one of even-aged tree stands estabexample, 60 percent of Arizona’s
lished at different intervals and loca- Wwildlife species depend on riparian
tions within the active meander belt ofareas for survival (Ohmart and Ander-
the stream. Other species, such as thgon 1986). In the Great Basin area of
bald cypressTaxodium distichuin Utah and Nevada, 288 of the 363

are particularly associated with oxbowdentified terrestrial vertebrate species
lakes formed when streams cut off depend on riparian zones (Thomas et
channel segments, while still others al. 1979). Because of their wide

are associated with microtopographic suitability for upland and riparian

variations within floodplains that species, midwestern stream corridors
reflect the slow migration of a stream associated with prairie grasslands
channel across the landscape. support a wider diversity of wildlife

than the associated uplands. Stream
corridors play a large role in maintain-
ing biodiversity for all groups of
Cvertebrates.

Plant communities are dynamic and
change over time. The differing
regeneration strategies of particular
vegetation types lead to characteristi
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The faunal composition of a stream occurring permanent sources of water
corridor is a function of the interactionon the landscape. These relatively

of food, water, cover, and spatial moist environments contribute to the
arrangement (Thomas et al. 1979). high primary productivity and biomass
These habitat components interact in of the riparian area, which contrasts
multiple ways to provide eight habitat dramatically with surrounding cover

features of stream corridors: types and food sources. In these areas,
+ Presence of permanent source8tream corridors provide critical
of water. microclimates that ameliorate the

temperature and moisture extremes of
uplands by providing water, shade,
evapotranspiration, and cover.

The spatial distribution of vegetation is
also a critical factor for wildlife. The
linear arrangement of streams results

* High primary productivity and
biomass.

» Dramatic spatial and temporal
contrasts in cover types and
food availability.

*  Critical microclimates. in a maximized edge effect that in-

e Horizontal and vertical habitat creases species richness because a
diversity. species can simultaneously access

« Maximized edge effect. more than one cover (or habitat) type

and exploit the resources of both
(Leopold 1933). Edges occur along

_ o multiple habitat types including the

* High connectivity between  aquatic, riparian, and upland habitats.

vegeFated patches. _ Forested connectors between habitats
Stream corridors offer the optimal  estaplish continuity between forested
habitat for many forms of wildlife uplands that may be surrounded by

because of the proximity to a water ynforested areas. These act as feeder
source and an ecological community |ines for dispersal and facilitate

that consists primarily of hard\_/voods ir}epopmaﬁon by plants and animals.
many parts of the country, which Thus, connectivity is very important

provide a source of food, such as  for retaining biodiversity and genetic

(Harris 1984). Upstream sources of However, the linear distribution of

water,_ nutrients, and energy lJItImatelyhabitat, or edge effect, is not an effec-
benefit downstream locations. In turn, . . " . :
tive indicator of habitat quality for all

the fish and wildlife return and dis- . S )
erse some of the nutrients and energy - Studies in island biogeogra-
P hy, using habitat islands rather than

to uplands and wetlands during their oceanic islands, demonstrate that a

movements and migrations (Harris larger habitat island supports both a
1984). | .
_ _ N ~larger population of birds and also a

ern Prairie regions of the U.S. where s corridor is most desirable, the next
stream corridors are the only naturallyyreferable situation is minimal frag-

« Effective seasonal migration
routes.
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mentation, i.e., large plots ("islands") Smith (1977) reported that the distri-
of riparian vegetation with minimal  bution of bird species in forested

spaces between the large plots. habitats of the Southeast was closely
linked to soil moisture. Woodcock
Reptiles and Amphibians (Scolopax mingrand snipe

Nearly all amphibians (salamanders, (Gallinago gallinagg, red-shouldered
toads, and frogs) depend on aquatic hawks Buteo lineatul hooded and
habitats for reproduction and overwinProthonotary warblersiilsonia

tering. While less restricted by the  Citrina, Protonotaria citreg, and many
presence of water, many reptiles are other passerines in the Southeast
found primarily in stream corridors ~ prefer the moist ground conditions
and riparian habitats. Thirty-six of the found in riverside forests and

63 reptile and amphibian species shrublands for feeding. The cypress
found in west-central Arizona were ~ and mangrove swamps along Florida’s
found to use riparian zones. Inthe ~ Waterways harbor many species found
Great Basin, 11 of 22 reptile species almost nowhere else in the Southeast.

require or prefer riparian zones

(Ohmart and Anderson 1986). Mammals

The combination of cover, water, and
Birds food resources in riparian areas make
Birds are the most commonly ob- them desirable habitat for large mam-

served terrestrial wildlife in riparian ~ Mals such as mule de&ddocoileus
corridors. Nationally, over 250 speciediemionuy white-tailed deer

have been reported using riparian ~ (Odocoileus virginianus moose
areas during some part of the year. (Alces alcep and elk Cervus _
The highest known density of nesting elaphu3 that can use multiple habitat
birds in North America occurs in typeg. Other m_ammals depend on
southwestern cottonwood habitats ~ "Parian areas in some or all of their
(Carothers and Johnson 1971). Sev- rangcz. These_ |nf[:IL_J|de ott&n{trg
enty-three percent of the 166 breedin(fgana ensi ringtall Bassarisdus

bird species in the Southwest prefer stutu3, raccoon Rrocyon lotoy,

riparian habitats (Johnson et al. 1977)?82:;2:rgi?é%iﬁi?;i?jﬁ?f;ﬁﬁt

Bird species richness in midwestern (Sylvilagus aquaticysshort-tailed

stream corridors reflects the vegetativgy, e,y Blarina brevicaud, and mink
diversity and width of the corridor. (Mustela visoj

Over half of these breeding birds are Rinari ide tall d

species that forage for insects on ‘ |par|art1 areats prowd © ba dentse cover
foliage (vireos, warblers) or species for roos s,bwa efré)atn abundan Ipzjey
that forage for seeds on the ground tﬁreeliitgzrgr(?vrvg baatIMSyF:)etgﬁj,cilfT:;ld*ﬁmg
doves, orioles, grosbeaks, sparrows), . :

( g P )blg brown bat Eptesicus fuscliisand

Next in abundance are insectivorous lid bat Ant lid
species that forage on the ground or 6@? pall ¢ al Aggrgiogsbp?t' g)s it
trees (thrushes, woodpeckers). rinson et al. ( ) tabulated results

from several studies on mammals in
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riparian areas of the continental U.S. their cutting activities into the uplands
They concluded that the number of and can significantly alter the riparian
mammal species generally ranges  and stream corridors. Over time, the
from five to 30, with communities pond is replaced by a mudflat, which
including several furbearers, one or becomes a meadow and eventually
more large mammals, and a few smalbives way to woody successional

to medium mammals. stages. Beaver often then build a dam

Hoover and Wills (1984) reported 59 at a new spot, and the cycle begins
species of mammals in cottonwood ~anew with only a spatial displacement.
riparian woodlands of Colorado, The sequence of beaver dams along a
second only to pinyon-juniper among stream corridor may have major

eight other forested cover types in theeffects on hydrology, sedimentation,
region. Fifty-two of the 68 mammal and mineral nutrients (Forman 1995).
species found in west-central Arizona Water from stormflow is held back,

in Bureau of Land Management thereby affording some measure of
inventories use riparian habitats. flood control. Silts and other fine
Stamp and Ohmart (1979) and Cross sediments accumulate in the pond
(1985) found that riparian areas had arather than being washed downstream.
greater diversity and biomass of smalWetland areas usually form, and the
mammals than adjacent upland areaswater table rises upstream of the dam.

The contrast between the species  The ponds combine slow flow, near-
diversity and productivity of mammalsconstant water levels, and low turbid-
in the riparian zone and that of the ity that support fish and other aquatic
surrounding uplands is especially higiPrganisms. Birds may use beaver

in arid and semiarid regions. HoweveP0nds extensively. The wetlands also
bottomland hardwoods in the eastern have a relatively constant water table,
U.S. also have exceptionally high unlike the typical fluctuations across a
habitat values for many mammals. Fofloodplain. Beavers cutting trees
example, bottomland hardwoods diminish the abundance of such spe-
support white-tail deer populations ~ ¢ies as elmylmusspp.) and ash
roughly twice as large as equivalent (Fraxinusspp.) but enhance the abun-
areas of upland forest (Glasgow and dance of rapidly sprouting species,
Noble 1971). such as aldeInusspp.), willow, and

Stream corridors are themselves poplar Populusspp.).

influenced by certain animal activities .
(Forman 1995). For example, beaversAquat’C Ecosystems
build dams that cause ponds to form
within a stream channel or in the
floodplain. The pond kills much of the The biological diversity and species
existing vegetation, although it does abundance in streams depend on the
create wetlands and open water areaﬁjiverSity of available habitats. Natu-
for fish and migratory waterfowl. If ~ rally functioning, stable stream sys-
appropriate woody plants in the tems promote the diversity and avail-
floodplain are scarce, beavers extendability of habitats. This is one of the

Aquatic Habitat
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Figure 2.32:

Hierarchical

organization of a

stream system and its
habitat subsystems.
Approximate linear
spatial scale, appropriate
to second- or third-order
mountain Stream.

JQ/

Stream Segment

2 - 66

primary reasons stream stability and ity. Uniform sediment size in a stre-
the restoration of natural functions areambed provides less potential habitat
always considered in stream corridor diversity than a bed with many grain
restoration activities. A stream'’s crosssizes represented.

sectional shape and dimensions, its - Hapitat subsystems occur at different
slope and confinement, the grain-sizegca|es within a stream system (Frissell
distribution of bed sediments, and gt |, 1986) Eigure 2.32. The gross-
even its planform affect aquatic est scale, the stream system itself, is
habitat. Under less disturbed situa-  measured in thousands of feet, while
tions, a narrow, steep-walled cross  segments are measured in hundreds of
section provides less physical area fofget and reaches are measured in tens
habitat than a wider cross section withyf feet. A reach system includes

less steep sides, but may provide moigmbinations of debris dams, boulder
biologically rich habltat in deep pools c5scades, rapids, step/pool sequences,
compared to a wider, shallower strearﬁom/rime sequences, or other types of

corridor. A steep, confined stream is astreambed forms or “structures,” each
high-energy environment that may  of which could be 10 feet or less in

limit habitat occurrence, diversity, andscale, Frissell's smallest scale habitat
stability. Many steep, fast flowing  gypsystem includes features that are a

streams are coldwater salmonid foot or less in size. Examples of these
streams of high value. Unconfined  mjcrohabitatsinclude leaf or stick

systems flood frequently, which can  etritus, sand or silt over cobbles or

promote riparian habitat developmentoiner coarse material, moss on boul-

leaf and stick

boulder detritus in
cascade margin
1
@\ sand-silt
a» @ | over cobbles

@

\

transverse bar
over cobbles

, (8
- ”y) moss on
(Y boulder
fine gravel
debris dam patch

Segment System Reach System “Pool/Riffle” System Microhabitat System
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Steep slopes often form a step/pool and biological features that reflect
seguence in streams, especially in  recurrent sustained inundation or
cobble, boulder, and bedrock streamssaturation. Common diagnostic fea-
Each step acts as a miniature grade tures of wetlands are hydric soils and
stabilization structure. The steps and hydrophytic vegetation. These features
pools work together to distribute the will be present except where physico-

excess energy available in these chemical, biotic, or anthropogenic
steeply sloping systems. They also adfhctors have removed them or pre-
diversity to the habitat available. vented their development (National

Cobble- and gravel-bottomed streamsAcademy of Sciences 1995). Wetlands
at less steep slopes form pool/riffle  may occur in streams, riparian areas,
sequences, which also increase habitand floodplains of the stream corridor.
diversity. Pools provide space, cover, The riparian area or zone may contain
and nutrition to fish and they provide &oth wetlands and non-wetlands.

place for fish to seek shelter during  \wetlands are transitional between

storms, droughts, and other cata-  terrestrial and aquatic systems where
strophic events. Upstream migration Ofhe water table is usually at or near the
many salmonid species typically surface or the land is covered by

involves rapid movements through  ghallow water (Cowardin et al. 1979).
shallow areas, followed by periods of or yegetated wetlands, water creates
rest in deeper pools (Spence etal.  congitions that favor the growth of
1996). hydrophytes—plants growing in water
or on a substrate that is at least peri-
Wetlands odically deficient in oxygen as a result
Stream corridor restoration initiatives of excessive water content (Cowardin
may include restoration of wetlands et al. 1979) and promotes the develop-
such as riverine-type bottomland ment of hydric soils—soils that are
hardwood systems or riparian wet-  saturated, flooded, or ponded long
lands. While wetland restoration is a enough during the growing season to
specific topic better addressed in othedevelop anaerobic conditions in the
references (e.g., Kentula 1992), a  upper part (National Academy of
general discussion of wetlands is Sciences 1995).
provided here. Stream corridor restorgpsetiand functions include fish and
tion initiatives should be designed to \yjiqiite habitat, water storage, sedi-

protec_t or restore the functions of ment trapping, flood damage reduc-
associated wetlands. tion, water quality improvement/
A wetland is an ecosystem that de-  pollution control, and ground water
pends on constant or recurrent shallowecharge. Wetlands have long been
inundation or saturation at or near therecognized as highly productive
surface of the substrate. The minimunhabitats for threatened and endangered
essential characteristics of a wetland fish and wildlife species. Wetlands
are recurrent, sustained inundation orprovide habitat for 60 to 70 percent of
saturation at or near the surface and the animal species federally listed as
the presence of physical, chemical, threatened or endangered (Lohoefner
1997).
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Riparian Mapping

The riparian zone is a classic example of the maximized
value that occurs when two or more habitat types meet.
There is little question of the substantial value of riparian
habitats in the United States. The Fish and Wildlife Service
has developed protocols to classify and map riparian areas in
the West in conjunction with the National Wetlands Inventory
(NWI). NWI will map riparian areas on a 100 percent user-
pay basis. No formal riparian mapping effort has been
initiated. The NWI is congressionally mandated to identify,
classify, and digitize all wetlands and deepwater habitats in
the United States. For purposes of riparian mapping, the NWI
has developed a riparian definition that incorporates
biological information consistent with many agencies and
applies information according to cartographic principles. For
NWI mapping and classification purposes, a final definition
for riparian has been developed:

"Riparian areas are plant communities contiguous to and
affected by surface and subsurface hydrological features of
perennial or intermittent lotic and lentic water bodies (rivers,
streams, lakes, and drainage ways). Riparian areas have one
or both of the following characteristics: (1) distinctly different
vegetative species than adjacent areas; and (2) species
similar to adjacent areas but exhibiting more vigorous or
robust growth forms. Riparian areas are usually transitional
between wetland and upland.”

The definition applies primarily to regions of the lower 48
states in the arid west where the mean annual precipitation is
16 inches or less and the mean annual evaporation exceeds
mean annual precipitation. For purposes of this mapping, the
riparian system is subdivided into subsystems, classes,
subclasses, and dominance types. (USFWS 1997)

STREAM CORRIDOR RESTORATION: PRINCIPLES, PROCESSES, AND PRACTICES

wetlands consistently with the Na-
tional Academy of Science’s reference
definition, includes Marine, Estuarine,
Riverine, Lacustrine, and Palustrine
systems. The NWI has also developed
protocols for classifying and mapping
riparian habitats in the 22 coterminous
western states.

The riverine system under Cowardin’s
classification includes all wetlands and
deepwater habitats contained within a
channel except wetlands dominated by
trees, shrubs, persistent emergents,
emergent mosses, or lichens and
habitats with water containing ocean-
derived salts in excess of 0.5 parts per
thousand (ppt).

It is bounded on the upstream end by
uplands and on the downstream end at
the interface with tidal wetlands

having a concentration of ocean-
derived salts that exceeds 0.5 ppt.
Riverine wetlands are bounded per-
pendicularly on the landward side by
upland, the channel bank (including
natural and manufactured levees) or by
Palustrine wetlandsin braided

streams, riverine wetlands are bounded
by the banks forming the outer limits

of the depression within which the
braiding occurs.

The Federal Geographic Data Com- Vegetated floodplain wetlands of the
mittee has adopted the U.S. Fish andriver corridor are classified as

Wildlife Service'sClassification of

Palustrine under this system. The

Wetlands and Deepwater Habitats of pajustrine system was developed to

the United State@Cowardin, et al.

1979) as the national standard for

group the vegetated wetlands tradi-

tionally called by such names as

wetlands classification. The Service’s marsh, swamp, bog’ fen, and prairie

National Wetlands Inventory (NWI)

pothole and also includes small,

uses this system to carry out its con- shallow, permanent, or intermittent
gressionally mandated role of identifywater bodies often called ponds.
ing, classifying, mapping, and digitiz- palustrine wetlands may be situated

ing data on wetlands and deepwater shoreward of lakes, river channels, or
habitats. This system, which defines estuaries, on river floodplains, in
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isolated catchments, or on slopes.
They also may occur as islands in

wetlands often are replaced by slope or
depressional wetlands where channel

lakes or rivers. The Palustrine systembed and bank disappear, or they may

includes all nontidal wetlands domi-
nated by trees, shrubs, persistent
emergents, emergent mosses and
lichens, and all such wetlands that

intergrade with poorly drained flats
and uplands. Usually forested, they
extend downstream to the intergrade
with estuarine fringe wetlands. Lateral

occur in tidal areas where salinity dueextent is from the edge of the channel
to ocean-derived salts is below 0.5 ppperpendicularly to the edge of the
The Palustrine system is bounded by floodplain. In some landscape situa-

upland or by any of the other four

tions, riverine wetlands may function

systems. They may merge with non- hydrologically more like slope wet-
wetland riparian habitat where hydro- lands, and in headwater streams with

logic conditions cease to support

little or no floodplain, slope wetlands

wetland vegetation or may be totally may lie adjacent to the stream channel
absent where hydrologic conditions dgBrinson et al. 1995)[able 2.11
not support wetlands at all (Cowardin summarizes functions of riverine

1979).

Thehydrogeomorphic (HGM) ap-
proachis a system that classifies
wetlands into similar groups for

wetlands under the HGM approach.
The U.S. Fish and Wildlife Service is
testing an operational draft set of
hydrogeomorphic type descriptors to

conducting functional assessments ofn€lp bridge the gap between the

wetlands. Wetlands are classified

Cowardin system and the HGM

based on geomorphology, water sour@PProach (Tiner 1997).
and hydrodynamics. This allows the For purposes of regulation under

focus to be placed on a group of
wetlands that function much more
similarly than would be the case
without classifying them. Reference
wetlands are used to develop referencf g iogic
standards against which a wetland is
evaluated (Brinson 1995).

Under the HGM approach, riverine
wetlands occur in floodplains and
riparian corridors associated with
stream channels. The dominant water
sources are overbank flow or subsur-
face connections between stream
channel and wetlands. Riverine wet-
lands lose water by surface and sub-
surface flow returning to the stream
channel, ground water recharge, and
evapotranspiration. At the extension
closest to the headwaters, riverine

Biogeochemical

Plant habitat

Animal habitat
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Section 404 of the Clean Water Act,
only areas with wetland hydrology,

Table 2.11: Functions of
riverine wetlands.

Source: Brinson et al.,
1995.

Dynamic surface water storage

Long-term surface water storage

Subsurface storage of water

Energy dissipation

Moderation of ground-water flow or discharge

Nutrient cycling

Removal of elements and compounds

Retention of particulates

Organic carbon export

Maintain characteristic plant communities

Maintain characteristic detrital biomass

Maintain spatial habitat structure

Maintain interspersion and connectivity

Maintain distribution and abundance of invertebrates

Maintain distribution and abundance of vertebrates
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Figure 2.33: Stream
biota.

Food relationships
typically found in streams.
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hydrophytic vegetation, and hydric
soils are classified as regulated wet-
lands. As such, they represent a subs
of the areas classified as wetlands
under the Cowardin system. Howeve
many areas classified as wetlands
under the Cowardin system, but not

classified as wetlands for purposes of
t

Section 404, are nevertheless subjec
to regulation because they are part of
the Waters of the United States.

Table 2.12: Ranges
of densities
commonly observed
for selected groups
of stream biota.

Component (Individuals/Square Mile)
Algae 109 - 1010
1012 - 1013
108 - 109
103 - 105
104 - 105
100 - 102

Bacteria

Protists
Microinvertebrates
Macroinvertebrates

Vertebrates

r

AND PRACTICES

Aquatic Vegetation and Fauna

Stream biota are often classified in
seven groups—bacteria, algae, macro-
phytes (higher plants), protists (amoe-
bas, flagellates, ciliates), microinverte-
brates (invertebrates less than 0.02
inch in length, such as rotifers, copep-
ods, ostracods, and nematodes),
macroinvertebrates (invertebrates
greater than 0.02 inch in length, such
as mayflies, stoneflies, caddisflies,
crayfish, worms, clams, and snails),
and vertebrates (fish, amphibians,
reptiles, and mammalsfrigure 2.33.
The discussion of the River Con-
tinuum Concept in Chapter 1, provides
an overview of the major groups of
organisms found in streams and how
these assemblages change from higher
order to lower order streams.

Undisturbed streams can contain a
remarkable number of species. For
example, a comprehensive inventory
8¥ stream biota in a small German
stream, the Breitenbach, found more
than 1,300 species in a 1.2-mile reach.
Lists of algae, macroinvertebrates, and
fish likely to be found at potential
restoration sites may be obtained from
state or regional inventories. The
densities of such stream biota are
shown inTable 2.12

Aquatic plants usually consist of algae
and mosses attached to permanent
stream substrates. Rooted aquatic
vegetation may occur where substrates
are suitable and high currents do not
scour the stream bottom. Luxuriant
beds of vascular plants may grow in
some areas such as spring-fed streams
in Florida where water clarity, sub-
strates, nutrients, and slow water
velocities exist. Bedrock or stones that
cannot be moved easily by stream
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currents are often covered by mossessuch as stoneflies, can influence the
and algae and various forms of micro-abundance of other species within the
and macroinvertebrates (Ruttner invertebrate community (Peckarsky
1963). Planktonic plant forms are 1985).

usually limited but may be present  cojjectively, microorganisms (fungi
where the watershed contains lakes, ang pacteria) and benthic invertebrates
ponds, floodplain waters, or slow facilitate the breakdown of organic
current areas (Odum 1971). material, such as leaf litter, that enters
The benthic invertebrate community the stream from external sources.

of streams may contain a variety of Some invertebrates (insect larvae and
biota, including bacteria, protists, amphipods) act as shredders whose
rotifers, bryozoans, worms, crusta- feeding activities break down larger
ceans, aquatic insect larvae, musselsprganic leaf litter to smaller particles.
clams, crayfish, and other forms of  Other invertebrates filter smaller
invertebrates. Aquatic invertebrates am@ganic material from the water

found in or on a multitude of micro-  (blackfly larvae, some mayfly nymphs,
habitats in streams including plants, and some caddisfly larvae), scrape
woody debris, rocks, interstitial spacesnaterial off surfaces (snails, limpets,
of hard substrates, and soft substratesind some caddisfly and mayfly
(gravel, sand, and muck). Invertebratenymphs) or feed on material deposited
habitats exist at all vertical strata on the substrate (dipteran larvae and
including the water surface, the watersome mayfly nymphs) (Moss 1988).
column, the bottom surface, and deepThese feeding activities result in the
within the hyporheic zone. breakdown of organic matter in addi-
Unicellular organisms and tion to the elaboration of invertebrate
microinvertebrates are the most nu- tissue, which other consumer groups,
merous biota in streams. However, ~Such as fish, feed on.

larger macroinvertebrates are impor- Benthic macroinvertebrates, particu-
tant to community structure because larly aquatic insect larvae and crusta-
they contribute significantly to a ceans, are widely used as indicators of
stream’s total invertebrate biomass stream health and condition. Many fish
(Morin and Nadon 1991, Bourassa andpecies rely on benthic organisms as a
Morin 1995). Furthermore, the larger food source either by direct browsing
species often play important roles in on the benthos or by catching benthic
determining community composition organisms that become dislodged and
of other components of the ecosystendrift downstream (Walburg 1971).

For example, herbivorous feeding  Fish are ecologically important in
activities of caddisfly larvae (Lambertisyream ecosystems because they are

and Resh 1983), snails (Steinman et syally the largest vertebrates and
1987), and crayfish (Lodge 1991) cangften are the apex predator in aguatic

algae and periphyton in streams.  stream depends on the geographic
Likewise, macroinvertebrate predatorggcation, evolutionary history, and
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such intrinsic factors as physical combine to determine the degree of
habitat (current, depth, substrates, habitat diversity in a given stream
riffle/pool ratio, wood snags and segment. Fish species richness tends to

undercut banks), water quality (tem- increase downstream as gradient
perature, dissolved oxygen, suspendaiecreases and stream size increases.
solids, nutrients, and toxic chemicals)Species richness is generally lowest at
and biotic interactions (exploitation, small headwater streams due to in-
predation, and competition). creased gradient and small stream size,
There are approximately 700 native which increases the frequency and
freshwater species of fish in North severity of environmental fluctuations
America (Briggs 1986). Fish species (Hynes 1970, Matthews and Styron
richness is highest in the Mississippi 1980). In addition, the high gradient
River Basin where most of the adap- and decreased links with tributaries
tive radiations have occurred in the reduces the potential for colonization
United States (Allan 1995). Inthe ~ @nd entry of new species.

Midwest, as many as 50 to 100 speciedpecies richness increases in mid-
can occur in a local area, although  order to lower stream reaches due to
typically only half the species native increased environmental stability,

to a region may be found at any one greater numbers of potential habitats,
location (Horwitz 1978). Fish species and increases in numbers of coloniza-
richness generally declines as one tion sources or links between major
moves westward across the U.S., drainages. As one proceeds down-
primarily due to extinction during and stream, pools and runs increase over
following the Pleistocene Age (Fauschiffles, allowing for an increase in fine
et al. 1984). For example, 210 specie®ottom materials and facilitating the
are found west of the Continental growth of macrophytic vegetation.
Divide, but only 40 of these species These environments allow for the

are found on both sides of the conti- presence of fishes more tolerant of low
nent (Minckley and Douglas 1991). oxygen and increased temperatures.
The relatively depauperate fauna of Further, the range of body forms

the Western U.S. has been attributed tocreases with the appearance of those
the isolating mechanisms of tectonic species with less fusiform body
geology. Secondary biological, physi- shapes, which are ecologically adapted
cal, and chemical factors may further to areas typified by decreased water
reduce the species richness of a spe-velocities. In higher order streams or
cific community (Minckley and large rivers the bottom substrates often
Douglas 1991, Allan 1995). are typified by finer sediments; thus
Fish species assemblages in streamsherbivores, omnivores, and

will vary considerably from the head- Planktivores may increase in response
waters to the outlet due to changes int0 the availability of aquatic vegetation
many hydrologic and geomorphic ~ and plankton (Bond 1979).

factors which control temperature,  Fish have evolved unique feeding and
dissolved oxygen, gradient, current reproductive strategies to survive in
velocity, and substrate. Such factors the diverse habitat conditions of North
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America. Horwitz (1978) examined ductive requirements. For example,
the structure of fish feeding guilds in salmonids typically spawn by deposit-
15 U.S. river systems and found that ing eggs over or within clean gravels
most fish species (33 percent) were which remain oxygenated and silt-free

benthic insectivores, whereas due to upwelling of currents within the
piscivores (16 percent), herbivores (7 interstitial spaces. Reproductive
percent), omnivores (6 percent), movement and behavior is controlled

planktivores (3 percent), and other by subtle thermal changes combined
guilds contained fewer species. How-with increasing or decreasing day-
ever, Allan (1995) indicated that fish length. Salmonid populations, there-
frequently change feeding habits fore, are highly susceptible to many
across habitats, life stages, and seasdarms of habitat degradation, including
to adapt to changing physical and alteration of flows, temperature, and
biological conditions. Fish in smaller substrate quality.

headwater streams tend to be insecti-Nymerous fish species in the U.S. are

vores or specialists, whereas the declining in number. Williams et al.

num!oer of gent_arali_sts and the range ‘{f1989) presented a list of North Ameri-
feeding strategies increases down-  an fish species that the American

stream in response to increasing Fisheries Society believed should be
diversity of conditions classified as endangered, threatened,
Some fish species are migratory, or of special concern. This list contains

returning to a particular site over long 364 fish species warranting protection
distances to spawn. Others may ex- because of their rarity. Habitat loss
hibit great endurance, migrating was the primary cause of depletion for
upstream against currents and over approximately 90 percent of the
obstacles such as waterfalls. Many species listed. This study noted that 77
must move between salt water and  percent of the fish species listed were
freshwater, requiring great osmoregu-found in 25 percent of the states, with
latory ability (McKeown 1984). the highest concentrations in eight
Species that return from the ocean  southwestern states. Nehlsen et al.
environment into freshwater streams (1991) provided a list of 214 native

to spawn are calleahadromous naturally spawning stocks of depleted
species. Pacific salmon, steelhead, and sea-run
Species generally may be referred to cutthroat stocks from California,

as cold water or warm water, and ~ Oregon, ldaho, and Washington.
gradations between, depending on  Reasons cited for the declines were
their temperature requirements alteration of fish passage and migra-
(Magnuson et al. 1979). Fish such as tion due to dams, flow reduction
salmonids are usually restricted to ~ associated with hydropower and
higher elevations or northern climes 2agriculture, sedimentation and habitat
typified by colder, highly oxygenated 0ss due to logging and agriculture,
water. These species tend to be spe- Overfishing, and negative interactions
cialists, with rather narrow thermal ~ With other fish, including nonnative
tolerances and rather specific repro- Nhatchery salmon and steelhead.
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The widespread decline in the num- geomorphology that form and main-
bers of native fish species has led to tain them, are key to developing
current widespread interest in restor- successful stream restoration initia-
ing the quality and quantity of habitatdives.

for fish. Restoration activities have  The emphasis on fish community

frequently centered on improving locatestoration is increasing due to many
habitats, such as fencing or removingecological, economic, and recreational
livestock from streams, constructing factors. In 1996 approximately 35

fish passages, or installing instream million Americans older than 16
physical habitat. However, research  participated in recreational fishing,
has demonstrated that in most of thesgsylting in over $36 billion in expen-
cases the success has been limited oy res (Brouha 1997). Much of this
questionable because the focus was activity is in streams, which justifies
too narrow and did not address resto-stream corridor restoration initiatives.
ration of the diverse array of habitat
requirements and resources that are
needed over the life span of a specie

While fish stocks often receive the
§reatest public attention, preservation
of other aquatic biota may also may be
Stream corridor restoration practitio- 4 goal of stream restoration. Freshwa-
ners and others are now acutely awargy myssels, many species of which are
that fish require many different habi- threatened and endangered, are often
tats over the season and lifespan to  f particular concern (Williams et al.
fulfill needs for feeding, resting, 1992). Mussels are highly sensitive to
avoiding predators, and reproducing. papitat disturbances and obviously
For example, Livingstone and Rabenipenefit from intact, well-managed
(1991) determined that juvenile small-siream corridors. The south-central
mouth bass in the Jacks Fork River ofypjted States has the highest diversity
southeastern Missouri fed primarily ory mussels in the world. Mussel

small macroinvertebrates in littoral ecology also is intimately linked with
vegetation. Vegetation represented ngigh, ecology, as fish function as hosts
only a source of food but a refuge  for mussel larvae (glochidia). Among
from predators and a warmer habitat, the major threats they face are dams,
factors that can collectively optimize \yhich lead to direct habitat loss and
chances for survival and growth fragmentation of remaining habitat,
(Rabeni and Jacobson 1993). Adult  hersistent sedimentation, pesticides,
smallmouth bass, however, tended t0 5 introduced exotic species, such as

numbers and biomass of adults at

various sites were attributed to these apiotic and Biotic Interrelations in
specific deep-water habitats the Aquatic System

(McClendon and Rabeni 1987). Much of the spatial and temporal
Rabeni and Jacobson (1993) suggestggyiapility of stream biota reflects
that an understanding of these specifig,yiations in both abiotic and biotic
habitats, combined with an under- factors, including water quality,

standing of the fluvial hydraulics and temperature, streamflow and flow
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velocity, substrate, the availability of for timing migration and spawning of
food and nutrients, and predator-prey some fishes. High flows also cleanse
relationships. These factors influence and sort streambed materials and scour
the growth, survival, and reproductionpools. Extreme low flows may limit

of aquatic organisms. While these  young fish production because such
factors are addressed individually ~ flows often occur during periods of
below, it is important to remember thatecruitment and growth (Kohler and
they are often interdependent. Hubert 1993).

Flow Condition Water Temperature

The flow of water from upstream to  Water temperature can vary markedly
downstream distinguishes streams  within and among stream systems as a
from other ecosystems. The spatial arfdnction of ambient air temperature,
temporal characteristics of streamflowaltitude, latitude, origin of the water,
such as fast versus slow, deep versusand solar radiation (Ward 1985,
shallow, turbulent versus smooth, andSweeney 1993). Temperature governs
flooding versus low flows, are de- many biochemical and physiological
scribed previously in this chapter. processes in cold-blooded aquatic
These flow characteristics can affect organisms because their body tempera-
both micro- and macro-distribution  ture is the same as the surrounding
patterns of numerous stream species water; thus, water temperature has an
(Bayley and Li 1992, Reynolds 1992, important role in determining growth,
Ward 1992). Many organisms are development, and behavioral patterns.
sensitive to flow velocity because it Stream insects, for example, often
represents an important mechanism fgrow and develop more rapidly in
delivering food and nutrients yet also warmer portions of a stream or during
may limit the ability of organisms to warmer seasons. Where the thermal
remain in a stream segment. Some differences among sites are significant
organisms also respond to temporal (e.g., along latitudinal or altitudinal
variations in flow, which can change gradients), it is possible for some

the physical structure of the stream species to complete two or more
channel, as well as increase mortalitygenerations per year at warmer sites;
modify available resources, and these same species complete one or
disrupt interactions among species fewer generations per year at cooler
(Resh et al. 1988, Bayley and Li sites (Sweeney 1984, Ward 1992).
1992). Growth rates for algae and fish appear
The flow velocity in streams deter- 0 respond to temperature changes in a
mines whether planktonic forms can Similar fashion (Hynes 1970, Reynolds
develop and sustain themselves. The 1992). The relationships between
slower the currents in a stream, the témperature and growth, development,
more closely the composition and ~ and behavior can be strong enough to
configuration of biota at the shore and@ffect geographic ranges of some

on the bottom approach those of ~ SpeciesTable 2.13.

standing water. High flows are cues
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Table 2.13: Maximum
weekly average
temperatures for growth
and short term

maximum temperatures
for selected fish ( °C and
°F).

Source: Brungs and Jones
1977.

Max. Weekly
Average Temp. for
Growth (Juveniles)

68°F
90°F
66°F

Atlantic salmon
Bluegill

Brook trout
Common carp
90°F
90°F
66°F
84°F
64°F

Channel catfish
Largemouth bass
Rainbow trout
Smallmouth bass

Sockeye salmon

Max. Temp. for
Survival of Short
Exposure (Juveniles)

73°F
950F
75°F

SR
93°F

75°F

72°F

Max. Weekly Max. Temp.
Average Temp. for Embryo
for Spawning2 SpawningP

41°F 520F
93°F
55°F

91°F

77°F
48°F
70°F
81°F
70°F
48°F
63°F
50°F

840Fc
810Fc
55°F
730F¢
55°F

2 Optimum or mean of the range of spawning temperatures reported for the species.
b Upper temperature for successful incubation and hatching reported for the species.

¢ Upper temperature for spawning.

Water temperature is one of the most temperature in streams (Cole 1994).

important factors determining the
distribution of fish in freshwater
streams, due both to direct impacts
and influence on dissolved oxygen
concentrations, and is influenced by

Direct sunlight can significantly warm
streams, particularly during summer
periods of low flow. Under such
conditions, streams flowing through
forests warm rapidly as they enter

local conditions, such as shade, deptideforested areas, but may also cool

and current. Many fish species can
tolerate only a limited temperature
range. Such fish as salmonids and
sculpins dominate in cold water
streams, whereas such species as
largemouth bass, smallmouth bass,
suckers, minnows, sunfishes and
catfishes may be present in warmer
streams (Walburg 1971).

Effects of Cover

For the purposes of restoration, land
use practices that remove overhead
cover or decrease baseflows can
increase instream temperatures to
levels that exceed critical thermal
maxima for fishes (Feminella and

somewhat when streams reenter the
forest. In Pennsylvania (Lynch et al.
1980), average daily stream tempera-
tures that increased 2€ through a
clearcut area were substantially mod-
erated after flow through 1,640 feet of
forest below the clearcut. They attrib-
uted the temperature reduction prima-
rily to inflows of cooler ground water.

A lack of cover also affects stream
temperature during the winter.
Sweeney (1993) found that, while
average daily temperatures were
higher in a second-order meadow
stream than in a comparable wooded
reach from April through October, the
reverse was true from November

Matthews 1984). Thus, maintenance through March. In a review of tem-

or restoration of normal temperature

perature effects on stream macroinver-

regimes can be an important endpointebrates common to the Pennsylvania

for stream managers.

Riparian vegetation is an important
factor in the attenuation of light and

Piedmont, Sweeney (1992) found that
temperature changes of 2 t6®
usually altered key life-history charac-
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teristics of the study species. Riparianfactor influencing peak summer water
forest buffers have been shownto  temperatures and shading is critical to
prevent the disruption of natural the overall temperature regime of
temperature patterns as well asto  streams in small watersheds.

mitigate the increases in temperature

following deforestation (Brown and  Dissolved Oxygen

Krygier 1970, Brazier and Brown Oxygen enters the water by absorption
1973). directly from the atmosphere and by
The exact buffer width needed for plant photosynthesis (Mackenthun
temperature control will vary from site1969). Due to the shallow depth, large
to site depending on such factors as surface exposure to air and constant
stream orientation, vegetation, and motion, streams generally contain an
width. Along a smaller, narrow head- abundant dissolved oxygen supply
water stream, the reestablishment of even when there is no oxygen produc-
shrubs, e.g., willows and alders, may tion by photosynthesis.

provide adequate shade and detritus Pjssolved oxygen at appropriate
restore both the riparian and aquatic concentrations is essential not only to
ecosystems. The planting and/or keep aquatic organisms alive but to
reestablishment of large trees, e.9., sustain their reproduction, vigor, and
cottonwoods, willows, sycamores, aShjevek)pment_ Organisms undergo

and walnuts (Lowe 1964), along stress at reduced oxygen levels that
larger, higher order rivers can improvemake them less competitive in sustain-
the segment of the fishery closest to ing the species (Mackenthun 1969).
the banks, but has little total effect on Dissolved oxygen concentrations of
light and temperature of wider rivers. 3.0 mg/l or less have been shown to
Heat budget models can accurately interfere with fish populations for a
predict stream and river temperaturesnumber of reasons (Mackenthun 1969,
(e.g., Beschta 1984, Theurer et al.  citing several other sourceSiple
1984). Solar radiation is the major ~ 2.14).

Covl o fc T AT Tebe 2 14: Summary o

= dissolved oxygen
Early life stages (eggs and fry) concentratiozg (mg/L)

No production impairment 11(8) 6.5 generally associated
Slight production impairment 9 (6) 55 with effects on fish in
Moderate production impairment 8 (5) 5.0 salmonid and

nonsalmonid waters.

Severe production impairment 7 (4) 4.5 Source: USEPA 1987.

Limit to avoid acute mortality 6 (3) 4.0
Other life stages

No production impairment 8 (0) 6.0
Slight production impairment 6 (0) 5.0
Moderate production impairment 5 (0) 4.0
Severe production impairment 4 (0) BI5
Limit to avoid acute mortality 3(0) 3.0

2 Values for salmonid early life stages are water column concentrations recommended to achieve the required concentration of dissolved oxygen
in the gravel spawning substrate (shown in parentheses).
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Depletion of dissolved oxygen can industrial and urban emissions

result in the death of aquatic organ- (Schreiber 1995). Of particular con-
iIsms, including fish. Fish die when thecern are environments that have a
demand for oxygen by biological and reduced capacity to neutralize acid
chemical processes exceeds the oxy-inputs because soils have a limited
gen input by reaeration and photosynbuffering capacity. Acidic rainfall can
thesis, resulting in fish suffocation.  be especially harmfull to environments
Oxygen depletion usually is associatesluch as the Adirondack region of

with slow current, high temperature, upstate New York, where runoff
extensive growth of rooted aquatic  already tends to be slightly acidic as a
plants, algal blooms, or high concen- result of natural conditions.

trations of organic matter (Needham

1969). Substrate

Stream communities are susceptible tStream biota respond to the many
pollution that reduces the dissolved abiotic and biotic variables influenced
oxygen supply (Odum 1971). Major by substrate. For example, differences
factors determining the amount of in species composition and abundance
oxygen found in water are tempera- can be observed among macroinverte-
ture, pressure, abundance of aquatic brate assemblages found in snags,
plants and the amount of natural sand, bedrock, and cobble within a
aeration from contact with the atmo- single stream reach (Benke et al. 1984,
sphere (Needham 1969). A level of 5 Smock et al. 1985, Huryn and Wallace
mg/l of dissolved oxygen in water is 1987). This preference for conditions
associated with normal activity of associated with different substrates
most fish (Walburg 1971). Oxygen  contributes to patterns observed at
analyses of good trout streams show larger spatial scales where different
dissolved oxygen concentrations that macroinvertebrate assemblages are
range from 4.5 to 9.5 mg/I (Needham found in coastal, piedmont, and moun-

1969). tain streams (Hackney et al. 1992).
Stream substrates can be viewed in the
pH same functional capacity as soils in the

Aquatic organisms from a wide rangeterrestrial system; that is, stream

of taxa exist and thrive in aquatic substrates constitute the interface
systems with nearly neutral hydrogenbetween water and the hyporheic

ion activity (pH 7). Deviations, either subsurface of the aquatic system. The
toward a more basic or acidic environhyphorheic zones the area of sub-
ment, increase chronic stress levels strate which lies below the substrate/
and eventually decrease species water interface, and may range from a
diversity and abundanc€ifure layer extending only inches beneath
2.34). One of the more widely recog- and laterally from the stream channel,
nized impacts of changes in pH has to a very large subsurface environ-
been attributed to increased acidity ofment. Alluvial floodplains of the
rainfall in some parts of the United Flathead River, Montana, have a
States, especially areas downwind of hyphorheic zone with significant
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Rainbow trout
(oncorhyncus mykiss)

Brown trout
(salmo trutta)

Brook trout
(salvelinus fontinalus)

Smallmouth bass
(micropterus dolomieu)

Flathead minnow
(pimephalus promelas)

Pumpkinseed sunfish
(lepomis gibbosus)

Yellow perch
(perca flavescens)

Bullfrog*
(rana catesbeiana)

Wood frog*
(r. sylvatica)

American toad*
(bufo americanus)

Spotted salamander*
(ambystoma maculatum)
Clam*>*

Crayfish**

Snail**

Mayfly**

*embryonic life stage
**selected species
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surface water/ground water interactiortontinuous. In mid-order channels
which is 2 miles wide and 33 feet deewith more extensive floodplains, the

Figure 2.34: Effects of
acid rain on some
aquatic species.

(Stanford and Ward 1988). Naiman etspatial connectivity of the hyphorheic as acidity increases (and

al. (1994) discussed the extent and
connectivity of hyphorheic zones the spatial extent of the hyphorheic species are lost.
around streams in the Pacific North- zone is usually greatest, but it tends to

west. They hypothesized that as one be highly discontinuous because of

moves from low-order (small) streamsfeatures associated with fluvial activi-

to high-order (large) streams, the ties such as oxbow lakes and cutoff

degree of hyphorheic importance andchannels, and because of complex

continuity first increases and then interactions of local, intermediate, and

decreases. In small streams, the regional ground water systems

hyphorheic zone is limited to small  (Naiman et al. 1994)Hgure 2.35.

floodplains, meadows, and stream  stream substrates are composed of

segments where coarse sediments argarious materials, including clay, sand,

deposited over bedrock. The gravel, cobbles, boulders, organic

hyphorheic zones are generally not - matter, and woody debris. Substrates
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hyporheic

zone ~

Figure 2.35: Hyphorheic
zone.

Summary of the different
means of migration
undergone by members
of the stream benthic
community.

that falls into the stream can increase
the quantity and diversity of substrate
and aquatic habitat or range (Bisson et
al. 1987, Dolloff 1994). Debris dams
trap sediment behind them and often
create scour holes immediately down-
stream. Eroded banks commonly occur
at the boundaries of debris blockages.

g

permeable
layer Organic Material
Metabolic activity within a stream
reach depends on autochthonous,
allochthonous, and upstream sources
of food and nutrients (Minshall et al.
:g;ré?rmeable 1985). Autochthono_us materials, such
as algae and aquatic macrophytes,
originate within the stream channel,
form solid structures that modify whereas aIIochthonous_materiaIs such
surface and interstitial flow patterns, S W00d, leaves, and dissolved organic
influence the accumulation of organic &7PoN, originate outside the stream
materials, and provide for production, channel. Upstream materials may be
decomposition, and other processes of_a_utochthonous or allochthonous
(Minshall 1984). Sand and siltare ~ ©0r9in and are transportet_:l by stream-
generally the least favorable substratdioW to downstream locations. Sea-
for supporting aguatic organisms and §ona| floodlng_ prowde_s allochthonous
support the fewest species and indi- input of organic materlql tq Fhe stream
viduals. Flat or rubble substrates hav¢tannel and also can significantly
the highest densities and the most ~ Increase the rgte of decomposition of
organisms (Odum 1971). As previ-  °rganic material.
ously described, substrate size, heterdhe role of primary productivity of
geneity, stability with respect to high streams can vary depending on geo-
and baseflow, and durability vary graphic location, stream size, and
within streams, depending on particle season (Odum 1957, Minshall 1978).
size, density, and kinetic energy of  The river continuum concept (Vannote
flow. Inorganic substrates tend to be et al. 1980) (se€he River Continuum
larger upstream than downstream andconcepin section 1.E in Chapter 1)
tend to be larger in riffles than in pooldypothesizes that primary productivity
(Leopold et al. 1964). Likewise, the is of minimal importance in shaded
distribution and role of woody debris headwater streams but increases in
varies with stream size (Maser and significance as stream size increases
Sedell 1994). and riparian vegetation no longer

In forested watersheds, and in stream@Mits the entry of light to stream
with significant areas of trees in their P€riPhyton. Numerous researchers

riparian corridor, large woody debris Nave demonstrated that primary

ground water
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productivity is of greater importance leaves and twigs produced in the

in certain ecosystems, including surrounding watershed. Once leaves or
streams in grassland and desert eco- other allochthonous materials enter the
systems. Flora of streams can range stream, they undergo rapid changes
from diatoms in high mountain (Cummins 1974). Soluble organic
streams to dense stands of macro- compounds, such as sugars, are re-
phytes in low gradient streams of the moved via leaching. Bacteria and
Southeast. fungi subsequently colonize the leaf

of nitrogen and phosphorus to a streafiPurce of carbon. The presence of the
aquatic plant growth, a process knowiprotein content of the leaves, which
aseutrophication Decomposition of ~ Ultimately represents a high quality
this excess organic matter can depletd00d resource for shredding inverte-
oxygen reserves and result in fish killrates.

and other aesthetic problems in The combination of microbial decom-
waterbodies. position and invertebrate shredding/

Eutrophication in lakes and reservoirsSCraping reduces the average particle
is indirectly measured as standing size of the organic matter, resulting in
crops of phytoplankton biomass, the loss of carbon both as respired,CO
usually represented by planktonic and as smaller organic particles trans-
chlorophyll a concentration. However,Ported downstream. These finer par-
phytoplankton biomass is usually not ticles, lost from one _stream segment,
the dominant portion of plant biomassPecome the energy inputs to the

in smaller streams, due to periods of downstream portions of the stream.
energetic flow and high substrate to  This unidirectional movement of
volume ratios that favor the develop- nutrients and organic matter in lotic
ment of periphyton and macrophytes SySteéms is slowed by the temporary

on the stream bottom. Stream rete_ntlon,_ storage, and utilization of Figure 2.36: Stream
eutrophication can result in excessivenutrients in leaf packs, accumulated - eutrophication.
algal mats and oxygen depletion at  debris, invertebrates, and algae. Eutrophication can result

in oxygen depletion.

times of decreased flows and higher
temperaturesHigure 2.36. Further-
more, excessive plant growth can
occur in streams at apparently low
ambient concentrations of nitrogen
and phosphorus because the stream
currents promote efficient exchange of
nutrients and metabolic wastes at the
plant cell surface.

In many streams, shading or turbidity
limit the light available for algal
growth, and biota depend highly on
allochthonous organic matter, such as
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Organic matter processing has been Terrestrial and Aquatic Ecosystem

shown to have nutrient-dependent ~ Components for Stream Corridor
relationships similar to primary pro- Restoration

ductivity. Decomposition of leaves andl'he previous sections presented the
other forms of organic matter can be biological components and functional
limited by either nitrogen or phospho- processes that shape stream corridors.
rus, with predictive N:P ratios being The terrestrial and aquatic environ-
similar to those for growth of algae = ments were discussed separately for
and periphyton. Leaf decomposition the sake of simplicity and ease of
occurs by a sequential combination ofunderstanding. Unfortunately, this is
microbial decomposition, invertebrate frequently the same approach taken in
shredding, and physical fractionation. environmental restoration initiatives,
Leaves and organic matter itself are with efforts placed separately on the
generally low in protein value. How- uplands, riparian area, or instream
ever, the colonization of organic channel. The stream corridor must be
matter by bacteria and fungi increasewiewed as a single functioning unit or
the net content of nitrogen and phos- ecosystem with numerous connections
phorus due to the accumulation of  and interactions between components.
proteins and lipids contained in micro-Successful stream corridor restoration
bial biomass. These compounds are aannot ignore these fundamental
major nutritive source for aquatic relationships.

invertebrates. Decaying organic mattefhe structure and functions of vegeta-
represents a major storage componengn are interrelated at all scales. They
for nutrients in streams, as wellas a e 3150 directly tied to ecosystem
primary pathway of energy and nutri- gynamics. Particular vegetation types
ent transfer within the food web. may have characteristic regeneration
Ultimately, the efficiency of retention strategies (e.qg., fire, treefall gaps) that
and utilization is reflected at the top ofzintain those types within the land-
the food web in the form of fish scape at all times. Similarly, certain
biomass. topographic settings may be more
Organisms often respond to variationdikely than others to be subject to

in the availability of autochthonous, periodic, dramatic changes in hydrol-
allochthonous, and upstream sourcesogy and related vegetation structure as
For example, herbivores are relativelya result of massive debris jams or
more common in streams having operoccupation by beavers. However, in
riparian canopies and high algal the context of stream corridor ecosys-
productivity compared to streams tems, some of the most fundamental
having closed canopies and accumu- dynamic interactions relate to stream
lated leaves as the primary food flooding and channel migration.

resource (Minshall et al. 1983). Simi- Many ecosystem functions are influ-
lar patterns can be observed longitudignced by the structural characteristics
nally within the same stream (Behmerg¢ vegetation. In an undeveloped

and Hawkins 1986). watershed, the movement of water and
other materials is moderated by veg-
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etation and detritus, and nutrients areln most instances, the functions of
mobilized and conserved in complex vegetation that are most apparent are
patterns that generally result in bal- those that influence fish and wildlife.
anced interactions between terrestrialAt the landscape level, the fragmenta-
and aquatic systems. As the charactetion of native cover types has been
and distribution of vegetation is shown to significantly influence
altered by removal of biomass, agri- wildlife, often favoring opportunistic
culture, livestock grazing, develop- species over those requiring large
ment, and other land uses, and the blocks of contiguous habitat. In some
flow patterns of water, sediment, and systems, relatively small breaks in
nutrients are modified, the interactiongorridor continuity can have signifi-
among system components become cant impacts on animal movement or
less efficient and effective. These on the suitability of stream conditions
problems can become more pro- to support certain aquatic species. In
nounced when they are aggravated bythers, establishment of corridors that
introductions of excess nutrients and are structurally different from native
synthetic toxins, soil disturbances, angdystems or inappropriately configured
similar impacts. can be equally disruptive. Narrow

Stream migration and flooding are corridors that are essentially edge
principal sources of structural and ~ habitat may encourage generalist
compositional variation within and ~ SP€cies, nest parasites, and predators,
among plant communities in most and where corridors have been estab-
undisturbed floodplains (Brinson et lished across historic barriers to

al., 1981). Although streams exert a animal movement, they can disrupt the
complex influence on plant communi-iNtegrity of regional animal assem-
ties, vegetation directly affects the ~ blages (Knopf et al. 1988).

integrity and characteristics of streamSome riparian dependent species are
systems. For example, root systems linked to streamside riparian areas
bind bank sediments and moderate with fairly contiguous dense tree
erosion processes, and floodplain  canopies. Without new trees coming
vegetation slows overbank flows, into the population, older trees creat-
inducing sediment deposition. Trees ing this linked canopy eventually drop
and smaller woody debris that fall intoout, creating ever smaller patches of
the channel deflect flows, inducing  habitat. Restoration that influences
erosion at some points and depositiortree stands so that sufficient recruit-
at others, alter pool distribution, the ment and patch size can be attained
transport of organic material, as well will benefit these species. For similar
as a number of other processes. The reasons, many riparian-related raptors
stabilization of streams that are highlysuch as the common black-hawk
interactive with their floodplains can (Buteogallus anthracingsgray hawk
disrupt the fundamental processes (Buteo nitidu}, bald eagleHaliaeetus
controlling the structure and function leucocephalus Cactus ferruginous

of stream corridor ecosystems, therebyygmy-owl! Glaucidium brasilianum
indirectly affecting the characteristics cactorun), and Cooper's hawld¢-

of the surrounding landscape. cipiter cooperi), depend upon various
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sizes and shapes of woody riparian riparian ecosystem during the breeding
trees for nesting substrate and roostsseason. However, larger species (e.g.,
Restoration practices that attain kingbirds and doves) commonly
sufficient tree recruitment will greatly foraged outside the riparian ecosystem
benefit these species in the long termjn adjacent habitats. Larger species
and other species in the short term. (e.g., raptors) may forage miles from

Some aspects related to this subject riparian ecosystems, but still depend
have been discussed as ecosystem 0N them in critical ways (Lee et al.
components and functions under othet989).

sections. Findings from the earliest Because of more mesic conditions
studies of the impacts of fragmentatiooreated by the canyon effect, canyons
of riparian habitats on breeding birds and their attendant riparian vegetation
were published for the Southwest  serve as corridors for short-range
(Carothers and Johnson 1971, Johnsonmovements of animals along

1971, Carothers et al. 1974). Subse- elevational gradients (e.g., between
quent studies by other investigators summer and winter ranges). Long-
found similar results. Basically, cot- range movements that occur along
tonwood-willow gallery forests of the riparian zones throughout North

North American Southwest supportedAmerica include migration of birds

the highest concentrations of and bats. Riparian zones also serve as
noncolonial nesting birds for North  stopover habitat for migrating birds
America. Destruction and fragmenta- (Stevens et al. 1977). Woody vegeta-
tion of these riparian forests reduced tion is generally important, not only to
species richness and resulted ina  most riparian ecosystems, but also to
nearly straight-line relationship be- adjacent aquatic and even upland
tween numbers of nesting pairs/acre ecosystems. However, it is important
and number of mature trees/acre. Latéo establish clear management objec-
studies demonstrated that riparian  tives before attempting habitat modifi-
areas are equally important as conduitstion.

for migrating birds (Johnson and Restoring all of a given ecosystem to
Simpson 1971, Stevens et al. 1977). jts “pristine condition” may be impos-
When considering restoration of sible, especially if upstream conditions

riparian habitats, the condition of have been heavily modified, such as
adjacent habitats must be consideredby a dam or other water diversion
Carothers (1979) found that riparian project. Even if complete restoration is
ecosystems, especially the edges, area possibility, it may not accomplish or
widely used by nonriparian birds. In  complement the restoration goals.
addition he found that some riparian for example, encroachment of woody
birds utilized adjacent nonriparian  yegetation in the channel below
ecosystems. Carothers et al. (1974) several dams in the Platte River Valley

found that smaller breeding species i Nebraska has greatly decreased the
[e.g., warblers and the Western wood gmount of important wet meadow

pewee Contopus sordiduly$tended  hapitat. This area has been declared
to carry on all activities within the  cyjtical habitat for the whooping crane
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(Grus americang(Aronson and Ellis
1979), for piping plover, and for the
interior least tern. It is also an impor-
tant staging area for up to 500,000
sandhill cranesGrus canadens)s

from late February to late April and
supports 150 to 250 bald eagles
(Haliaeetus leucocephaluysNumerous
other important species using the area
include the peregrine falcofdlco
peregrinug, Canada goos@(anta
canadensis mallard Anas
platyrhyncho} numerous other
waterfowl, and raptors (U.S. Fish and
Wildlife Service 1981). Thus, manag-
ers here are confronted with means of
reducing riparian groves in favor of
wet meadows.
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2.E Functions and Dynamic Equilibrium

Figure 2.37:

Critical ecosystem
functions.

Six functions can be
summarized as a
set of basic,
common themes
recurring in a variety
of settings.

g

Source

Habitat-the spatial
structure of the
environment which allows
species to live,
reproduce, feed, and
move.

Barrier-the stoppage of
materials, energy, and
organisms.

Conduit-the ability of the
system to transport
materials, energy, and
organismes.

Filter—the selective
penetration of materials,
energy, and organisms.

Source—a setting where
the output of materials,
energy, and organisms
exceeds input.

Sink—a setting where the
input of water, energy,
organisms and materials
exceeds output.

Throughout the past two chapters, this
document has covered stream corridor
structure and the physical, chemical
and biological processes occurring in
stream corridors. This information
shows how stream corridors function
as ecosystems, and consequently, how
these characteristic structural features
and processes must be understood in
order to enable stream corridor func-
tions to be effectively restored. In fact,
reestablishing structure or restoring a
particular physical or biological
process is not the only thing that
restoration seeks to achieve. Restora-
tion aims to reestablish valued func-
tions. Focusing on ecological func-
tions gives the restoration effort its
best chance to recreate a self-sustain-
ing system. This property of
sustainability is what separates a
functionally sound stream, that freely
provides its many benefits to people
and the natural environment, from an
impaired watercourse that cannot
sustain its valued functions and may
remain a costly, long-term mainte-
nance burden.

Section 1.A of Chapter 1 emphasized
matrix, patch, corridor and mosaic as
the most basic building blocks of
physical structure at local to regional
scales. Ecological functions, too, can
be summarized as a set of basic,
common themes that recur in an
infinite variety of settings. These six
critical functions are habitat, conduit,
filter, barrier, source, and sinkigure
2.37).
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In this section, the processes and
structural descriptions of the past two
chapters are revisited in terms of these
critical ecological functions.

Two attributes are particularly impor-
tant to the operation of stream corridor
functions:

* Connectivity This is a measure
of how spatially continuous a
corridor or a matrix is (Forman
and Godron 1986). This at-

affecting width are edges,
community composition,
environmental gradients, and
disturbance effects of adjacent
ecosystems, including those
with human activity. Example
measures of width include
average dimension and vari-
ance, number of narrows, and
varying habitat requirements
(Dramstad et al. 1996)

breaks in the corridor and
between the corridor and
adjacent land use&igure

throughout the length of a stream
corridor. Corridor width varies along
the length of the stream and may have

2.38). A stream corridor with a 9@Ps. Gaps across the corridor inter-

high degree of connectivity

rupt and reduce connectivity. Evaluat-

among its natural communitiesing connectivity and width can provide
promotes valuable functions SOme of the most valuable insight for

including transport of materialsd€signing restoration actions that
and energy and movement of Mitigate disturbances.

flora and fauna.

The following subsections discuss

» Width- In stream corridors, this each of the functions and general

vegetation cover. Factors

namic equilibrium and its relevance to

stream corridor restoration.

R
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Figure 2.38:
Landscapes with (A)
high and (B) low
degrees of
connectivity.

A connected landscape
structure generally has
higher levels of
functions than a
fragmented landscape.
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Habitat Functions At the landscape scale, the concepts of
matrix, patches, mosaics and corridors
are often involved in describing habitat
over large areas. Stream corridors and
major river valleys together can

provide substantial habitat. North
American flyways include examples of
stream and river corridor habitat
Habitat is a term used to describe an exploited by migratory birds at land-
area where plants or animals (includ- scape to regional scales.

ing people) normally live, grow, feed, giream corridors, and other types of

reproduce, and otherwise exist for any 5t ra|ly vegetated corridors as well,
portion of their life cycle. Habitats can provide migrating forest and

provide organisms or communities of yiyarian species with their preferred
organisms with the necessary elemenrtésting and feeding habitats during

of life, such as space, food, water, anth;qration stopovers. Large mammals
shelter. such as black bear are known to
Under suitable conditions often pro- require large, contiguous wild terrain
vided by stream corridors, many as home range, and in many parts of
species can use the corridor to live, the country broad stream corridors are
find food and water, reproduce, and crucial to linking smaller patches into
establish viable populations. Some  sufficiently large territories.

measures of a stable biological com- aitat functions within watersheds
munity are population size, number Ofmay be examined from a somewhat
species, and genetic variation, which jiterent perspective. Habitat types
f!uctuate with_in expected limits over 5.4 patterns within the watershed are
time. To varying degrees, stream  gjgnificant, as are patterns of connec-
corridors constructively influence tivity to adjoining watersheds. The
these measures. The corridor’s value o getation of the stream corridor in
as habitat is increased by the fact thatuploer reaches of watersheds some-
corridors often connect many small  imeg has become disconnected from
habitat patches and thereby create ¢ of adjacent watersheds and corri-
larger, more complex habitats with 445 heyond the divide. When terres-
larger wildlife populations and higher g5 or semiaquatic stream corridor
biodiversity. communities are connected at their
Habitat functions differ at various headwaters, these connections will
scales, and an appreciation of the  usually help provide suitable alterna-
scales at which different habitat tive habitats beyond the watershed.
functions occur will help a restoration Assessing habitat function at the

initiative succeed. The evaluation of  gyraam corridor and smaller scales can
habitat at larger scales, for example, 4156 pe viewed in terms of patches and
may make note of a biotic corridors, but in finer detail than in
community’s size, COMPOSItion, €oN- |5nqscapes and watersheds. It is also at
nectivity and shape. local scales that transitions among the
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Edge and Interior Habitat

Two important habitat characteristics are edges and interior (Figure 2.39) Edges are critical lines of
interaction between different ecosystems. Interior habitats are generally more stable, sheltered
environments where the ecosystem may remain relatively the same for prolonged periods. Edge habitat is
exposed to highly variable environmental gradients. The result is a different species composition and
abundance than observed interior habitat. Edges are important as filters of disturbance to interior habitat.
Edges can also be diverse areas with a large variety of flora and fauna.

Edges and interiors are scale-independent concepts. Larger mammals known as interior forest species
may need to be miles from the forest edge to find desired habitat, while an insect or amphibian may be
sensitive to the edges and interiors of the microhabitat under a rotted log. The edges and interiors of a
stream corridor, therefore, depend upon the species being considered. As elongated, narrow ecosystems
that include land/water interfaces and often include natural/human-made boundaries as well at the upland
fringe, stream corridors have an abundance of edges and these have a pronounced effect on their biota.

Edges and interiors are each preferred by different sets of plant and animal species, and it is inappropriate
to consider edges or interiors as consistently “bad” or “good” habitat characteristics. It may be desirable to
maintain or increase edge in some circumstances, or favor interior habitats in others. Generally speaking,
however, human activity tends to increase edge and decrease interior, so more often it is restoring or
protecting interior that merits specific management action.

Edge habitat at the stream corridor boundary typically has higher inputs of solar energy, precipitation, wind
energy, and other influences from the adjacent ecosystems. The difference in environmental gradients at
the stream corridor’s edge results in a diversified plant and animal community interacting with adjacent
ecosystems. The effect of edge is more pronounced when the amount of interior habitat is minimal.

Interior habitat occurs further from the perimeter of the element. Interior is typified by more stable
environmental inputs than those found at the edge of an ecosystem. Sunlight, rainfall, and wind effects are
less intense in the interior. Many sensitive or rare species depend upon a less-disturbed environment for
their survival. They are therefore tolerant of only “interior” habitat conditions. The distance from the
perimeter required to create these interior conditions is dependent upon the species’ requirements.

Interior plants and animals differ considerably from those that prefer or tolerate the edge’s variability. With
an abundance of edge, stream corridors often have mostly edge species. Because large ecosystems and
wide corridors are becoming increasingly fragmented in modern landscapes, however, interior species are
often rare and hence are targets for restoration. The habitat requirements of interior species (with respect
to distance from edge are a useful guide in restoring larger stream corridors to provide a diversity of habitat
types and sustainable communities.

Figure 2.39: Edge and
interior habitat of a
woodlot

Interior plants and
animals differ
considerably from those
that prefer or tolerate the
edge’s variability.

» 20
Y \
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various habitats within the corridor

topography, soils, hydrology, vegeta-

can become more important. Stream tion, and human uses. In terms of

corridors often include two general

planning restoration measures, corri-

types of habitat structure: interior anddor width is especially important for

edge habitat. Habitat diversity is
increased by a corridor that includes
both edge and interior conditions,
although for most streams, corridor
width is insufficient to provide much
interior habitat for larger vertebrates

wildlife. When planning for mainte-
nance of a given wildlife species, for
example, the dimension and shape of
the corridor must be wide enough to
include enough suitable habitat that
this species can populate the stream

such as forest interior bird species. Farorridor. Corridors that are too narrow
this reason, increasing interior habitatmay provide as much of a barrier to
is sometimes a watershed scale restosome species' movement as would a

ration objective.

complete gap in the corridor.

Habitat functions at the corridor scale On local scales, large woody debris

are strongly influenced by connectiv-

ity and width. Greater connectivity

that becomes lodged in the stream
channel can create morphological

and increased width along and acrosschanges to the stream and adjacent
stream corridor generally increases itstreambanks. Pools may be formed

value as habitat. Stream valley mor-

downstream from a log that has fallen

phology and environmental gradients across a stream and both upstream and

(such as gradual changes in soil

downstream flow characteristics are

wetness, solar radiation, and precipitaaltered. The structure formed by large
tion) can cause changes in plant and woody debris in a stream improves

animal communities. More species
generally find suitable habitat condi-
tions in a wide, contiguous, and
diverse assortment of native plant
communities within the stream corri-

aquatic habitat for most fish and
invertebrate species.

Riparian forests, in addition to their
edge and interior habitats, may offer
vertical habitat diversity in their

dor than in a narrow, homogeneous Oganopy, subcanopy, shrub and herb

highly fragmented corridor.

layers. And within the channel itself,

When applied strictly to stream chan-riffles, pools, glides, rapids and back-

nels, however, this might not be true.

Some narrow and deeply incised

waters all provide different habitat
conditions in both the water column

streams, for example, provide thermalnd the streambed. These examples, all

conditions that are critical for endan-

gered salmonids.

Habitat conditions within a corridor
vary according to factors such as
climate and microclimate, elevation,

described in terms of physical struc-
ture, illustrate once again the strong
linkage between structure and habitat
function.
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Conduit Function habitats, for example, make it possible
for songbirds to move from wintering
E habitat in the neo-tropics to northern,
summer habitats. Many species of
) birds can only fly for limited distances
before they must rest and refuel. For
k stream corridors to function effectively

as conduits for these birds, they must
The conduit function is the ability to  be sufficiently connected and be wide
serve as a flow pathway for energy, enough to provide required migratory
materials, and organisms. A stream habitat.

corridor is above all a conduit that Wag eam corridors are also conduits for

formed by and for collecting and the movement of energy, which occurs
transporting water and sediment. In many forms. The gravity-driven

addition, many other types of materi- energy of stream flow continually

als and biota move throughoutthe  g¢hts and modifies the landscape.
system. The corridor modifies heat and energy
The stream corridor can function as afrom sunlight as it remains cooler in
conduit laterally, as well as longitudi- spring and summer and warmer in the
nally, with movement by organisms fall. Stream valleys are effective

and materials in any number of direc-airsheds, moving cool air from higher
tions. Materials or animals may furtheto lower elevations in the evening. The
move across the stream corridor, fromhighly productive plant communities
one side to another. Birds or small  of a corridor accumulate energy as
mammals, for example, may cross a living plant material, and export large
stream with a closed canopy by mov-amounts in the form of leaf fall or

ing through its vegetation. Organic  detritus. The high levels of primary
debris and nutrients may fall from  productivity, nutrient flow, and leaf
higher to lower floodplains and into litter fall also fuel increased decompo-
the stream within corridors, affecting sition in the corridor, allowing new

the food supply for stream inverte-  transformations of energy and materi-
brates and fishes. als. At its outlet, a stream's outputs to

Moving material is important becausethe next larger water body (e.g.,

it impacts the hydrology, habitat, and increased water volume, higher tem-
structure of the stream as well as the perature, sediments, nutrients, and
terrestrial habitat and connections in Organisms) are in part the excesses of
the floodplain and uplands. The energy from its own system.

structural attributes of connectivity  One of the best known and studied

and width also influence the conduit examples of aquatic species movement
function. and interaction with the watershed is

For migratory or highly mobile wild- the migration of salmon upstream for
life, corridors serve as habitat and ~ Spawning. After maturing in the ocean,
conduit simultaneously. Corridors in  the fish are dependent on access to
combination with other suitable their upstream spawning grounds. In
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the case of Pacific salmon species, thepon the nutrient transfer from the
stream corridor is dependent upon théiomass of the fish into other terres-
resultant biomass and nutrient input ofrial wildlife and off into the uplands.
abundant spawning and dying adults The local structure of the streambed
into the upper reaches of stream and aquatic ecosystem are dependent
systems during spawning. Thus, upon the sediment and woody material
connectivity is often critical for from upstream and upslope to create a
aquatic species transport, and in turn,self-regulating and stable channel.
nutrient transport upstream from oceagiream corridor width is important
waters to stream headwaters. where the upland is frequently a
Streams are also conduits for distribusupplier of much of the natural load of
tion of plants and their establishment sediment and biomass into the stream.
in new areas (Malanson, 1993). Flow-A wide, contiguous corridor acts as a
ing water may transport and deposit large conduit, allowing flow laterally
seeds over considerable distances. Inand longitudinally along the corridor.
flood stage, mature plants may be  Conduit functions are often more
uprooted, relocated, and redeposited limited in narrow or fragmented

alive in new locations. Wildlife also  corridors.

help redistribute plants by ingesting

and transporting seeds throughout  Fjlter and Barrier Functions
different parts of the corridor.

Sediment (bed load or suspended loa:
is also transported through the stream
Alluvial streams are dependent on the
continual supply and transport of
sediment, but many of their fish and

invertebrates can also be harmed by . .
too much fine sediment. When condi- Stream corridors may serve as barriers

tions are altered, a stream may becorif2@t Prevent movement or filters that
either starved of sediment or choked &/low selective penetration of energy,
with sediment down-gradient. Stream&"atérials and organisms. In many
lacking appropriate amounts of sedi- Ways: the entire stream corridor serves

ment attempt to reestablish equilib- beneficially as a filter or barrier that
rium through downcutting, bank reduces water pollution, minimizes
erosion and channel erosion. An sediment transport, and often provides

appropriately structured stream corri- @ Natural boundary to land uses, plant
dor will optimize timing and supply of COMmunities, and some less mobile
sediment to the stream to improve  Wildlife species.

sediment transport functions. Materials, energy, and organisms

Local areas in the corridor are depen-Which moved into and through the

dent on the flow of materials from oneStréam corridor may be filtered by
point to another. In the salmonid structural attributes of the corridor.

example, the local upland area adja- Attrib_utes_affecting barrier_ a_md filter
cent to spawning grounds is dependeffnctions include connectivity (gap

) S
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Figure 2.40: The width
of the vegetation buffer
influences filter and
barrier functions
Dissolved substances,
such as nitrogen,
phosphorus, and other
nutrients, entering a
vegetated stream corridor
are restricted from
entering the channel by
friction, root absorption,
clay, and soil organic
matter.

Adapted from Ecology
of Greenways: Design
and Function of Linear
Conservation Areas .
Edited by Smith and
Hellmund. © University
of Minnesota Press
1993.

no
vegetative
buffer

narrow
vegetative

wide
vegetative
buffer

frequency), and corridor widthr(g- interruption. Vegetation in the corridor
ure 2.40. Elements which are movingcan filter out much of the overland
along a stream corridor edge may alsdlow of nutrients, sediment, and water.

be selectively filtered as they enter th&sjjtation in larger streams can be
stream corridor. In these circum- reduced through a network of stream
stances it is the shape of the edge,  corridors functioning to filter exces-
whether it is straight or convoluted,  sjye sediment. Stream corridors filter
which has the greatest effect on many of the upland materials from
filtering functions. Still, it is most moving unimpeded across the land-
often movement perpendicular to the gcape. Ground water and surface water
stream corridor which is most effec-  fiows are filtered by plant parts below
tively filtered or halted. and above ground. Chemical elements
Materials may be transported, filteredare intercepted by flora and fauna

or stopped altogether depending uporwithin stream corridors. A wider

the width and connectedness of a  corridor provides more effective

stream corridor. Material movement filtering, and a contiguous corridor
across landscapes toward large river functions as a filter along its entire
valleys may be intercepted and filteretength.

by stream corridors. Attributes such agregks in a stream corridor can some-
the structure of native plant communitimes have the effect of funneling

ties can physically affect the amount. gamaging processes into that area. For
of runoff entering a stream system example, a gap in contiguous vegeta-
through uptake, absorption, and tion along a stream corridor can reduce
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Figure 2.39: Edges can
be (a) abrupt or (b)
gradual.

Abrupt edges, usually
caused by disturbances,
tend to discourage
movement between
ecosystems and promote
movement along the
boundary. Gradual edges
usually occur in natural
settings, are more
diverse, and encourage
movement between
ecosystems.

(@)

the filtering function by focusing Source and Sink Functions
increased runoff into the area, leading

to erosion, gullying, and the free flow
of sediments and nutrients into the
stream.

Edges at the boundaries of stream
corridors begin the process of filtering.

Abrupt edges concentrate initial _ _
filtering functions into a narrow area. SCUTces provide organisms, energy or

A gradual edge increases filtering angmaterials to the _surroun_ding landscape.
spreads it across a wider ecological Areas that function as sinks absorb

gradient. Eigure 2.47). organisms, energy, or materials from
.,__._ the surrounding landscape. Influent
Movement parallel to the corridor is

and effluent reaches, discussed in
affected by coves and lobes of an

dor's edae. Th ¢ Section 1.B of Chapter 1, are classic
uneven corridors edge. These act as examples of sources and sinks. The
barriers or filters for materials flowing

. ) L influent or "losing" reach is a source of
into the corridor. Individual plants g

. . water to the aquifer, and the effluent or
may selectively capture materials such

as wind-borne sediment, carbon, or V\?;Igrl_ng reach is a sink for ground
propagules as they pass through a ) o
convoluted edge. Herbivores traveling>'€am corridors or features within
along a boundary edge, for example, them can actas a source or a sink of
may stop to rest and selectively feed iﬁnw_ronmental materials. Some stream
a sheltered nook. The wind blows a  corridors act as both, depending on the
few seeds into the corridor, and thosetime of year or location in the corridor.
suited to the conditions of the corridorot'€@mbanks most often act as a

may germinate and establish a popul&PUrce; for example, of sediment to the

tion. The lobes have acted as a selecStreéam. At times, however, they can

tive filter collecting some seeds at thefUnction as sinks while flooding
edge and allowing other species to deposits new sediments there. At the

interact at the boundary (Forman landscape scale, corridors are connec-
1995). tors to various other patches of habi-

tats in the landscape and as such they
are sources and conduits of genetic
material throughout the landscape.

Stream corridors can also act as a sink
for storage of surface water, ground
water, nutrients, energy, and sediment
allowing for materials to be tempo-

Qe

v rarily fixed in the corridor. Dissolved

substances, such as nitrogen, phospho-
rus, and other nutrients, entering a
vegetated stream corridor are restricted
from entering the channel by friction,

\\\t‘y
- bt;\\\\\%
(b)
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root absorption, clay, and soil organic ecosystems like stream corridors,
matter. Although these functions of  stability is the ability of a system to
source and sink are conceptually persist within a range of conditions.
understood, they lack a suitable body This phenomenon is referred to as
of research and practical application dynamic equilibrium

guidelines. The maintenance of dynamic equilib-
Forman (1995) offers three source andum requires that a series of self-
sink functions resulting from flood-  correcting mechanisms be active in th
plain vegetation: stream corridor ecosystem. These

« Decreased downstream flood- Mechanisms allow the ecosystem to

In constantly
changing eco-
systems like

stream corri-
dors, stability
is the ability of
a system to

persist within a
range of condi-
tions. This phe-
nomenon is re-

ing through floodwater mod- ~ control external stresses or distur-
eration and/or uptake bances within a certain range of
. . responses thereby maintaining a self-
e Containment of sediments and - -
. : sustaining condition. The threshold
other materials during flood . )
stage levels associated with these ranges are
g _ difficult to identify and quantify. If
* Source of soil and water they are exceeded, the system can
organic matter become unstable. Corridors may then
Biotic and genetic source/sink rela- undergo a series of adjustments to
tionships can be complex. Interior  achieve a new steady state condition,
forest birds are vulnerable to nest  but usually after a long period of time
parasitism by cowbirds when they try has elapsed.

to nest in too small a forest patch. ForMany stream systems can accommo-
these species, small forest patches cafye fairly significant disturbances and
be considered sinks that reduce their gtjj| return to functional condition in a
population numbers and genetic reasonable time frame, once the source
diversity by causing failed reproduc- o the disturbance is controlled or
tion. Large forest patches with suffi- removed. Passive restoration is based
cient interior habitat, in comparison, gn this tendency of ecosystems to heal
support successful reproduction and themselves when external stresses are
serve as sources of more individuals removed. Often the removal of stress
and new genetic combinations. and the time to recover naturally are
an economical and effective restora-
Dynamic Equilibrium tion strategy. When significant distur-
The first two chapters of this docu- bance and alteration has occurred,

ment have emphasized that, althoughhowever, a stream corridor may
stream corridors display consistent require several decades to restore
patterns in their structure, processes, itself. Even then, the recovered system
and functions, these patterns change may be a very different type of stream
naturally and constantly, even in the that, although at equilibrium again, is
absence of human disturbance. De- Of severely diminished ecological

spite frequent change, streams and value in comparison with its previous
their corridors exhibit a dynamic form potential. When restoration practitio-
of stability. In constantly changing ~ ners’ analysis indicates lengthy recov-

ferred to as dy-
namic equilib-
rium .
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Stability, Disturbance, and Recovery

Stability, as a characteristic of ecosystems, combines the
concepts of resistance, resilience, and recovery. Resistance is
the ability to maintain original form and functions. Resilience
is the rate at which a system returns to a stable condition after
a disturbance. Recovery is the degree to which a system
returns to its original condition after a disturbance. Natural
systems have developed ways of coping with disturbance, in
order to produce recovery and stability. Human activities often
superimpose additional disturbances which may exceed the
recovery capability of a natural system. The fact that change
occurs, however, does not always mean a system is unstable
or in poor condition.

The term mosaic stability is used to denote the stability of a
larger system within which local changes still take place.
Mosaic stability, or the lack thereof, illustrates the importance
of the landscape perspective in making site-specific decisions.
For example, in a rapidly urbanizing landscape, a riparian
system denuded by a 100-year flood may represent a harmful
break in already diminished habitat that splits and isolates
populations of a rare amphibian species. In contrast, the

STREAM CORRIDOR RESTORATION: PRINCIPLES, PROCESSES, AND PRACTICES

ery time or dubious recovery potential
for a stream, they may decide to use
active restoration techniques to rees-
tablish a more functional channel
form, corridor structure, and biological
community in a much shorter time
frame. The main benefit of an active
restoration approach is regaining
functionality more quickly, but the
biggest challenge is to plan, design
and implement correctly to reestablish
the desired state of dynamic equilib-
rium.

This new equilibrium condition,
however, may not be the same that
existed prior to the initial occurrence
of the disturbance. In addition, distur-
bances can often stress the system
beyond its natural ability to recover. In

these instances restoration is needed to
remove the cause of the disturbance or
stress (passive) or to repair damages to

same riparian system undergoing flooding in a less-developed
landscape may not be a geographic barrier to the amphibian,
but merely the mosaic of constantly shifting suitable and

unsuitable habitats in an unconfined, naturally functioning
stream. The latter landscape with mosaic stability is not likely
to need restoration while the former landscape without mosaic
stability is likely to need it urgently. Successful restoration of
any stream corridor requires an understanding of these key
underlying concepts.

the structure and functions of the
stream corridor ecosystem (active).
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